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methods and data formats described in the above-referenced patents. A 
plurality of antennas 112 provides reverse link signal 114 to analog 
transmitter receiver 116. Analog transmitter receiver 116 down-converts the 
signal to baseband and samples the waveform at eight times the FN chip rate. 
5 Analog transmitter receiver 116 provides the digital samples to channel 
element modem 110 through base station RX backplane signal 118. When 
assigned to active call, demodulator front end 122 and integrated search 
processor 128 isolate a signal from a particular call from the plurality of call 
signals contained in reverse link signal by use of the PN sequences as 

10 described in the above referenced patents. 

Channel element modem 110 of Figure 4 includes a single, integrated 
search processor 128 for identifying multipath signals within the received 
signal. Channel element modem 110 contains a single time shared Fast 
Hadamard Transform (FHT) processor engine 120 to service both integrated 

15 search processor 128 and demodulator front end 122. FHT processor 
engine 120 matches the input data to each of the possible Walsh symbols. In 
this exemplary embodiment there are 64 possible Walsh symbols. FHT 
processor engine 120 outputs an energy level corresponding to each of the 64 
possible Walsh symbols where higher energy levels indicate higher 

20 probabihty that the corresponding Walsh symbol was the actual transmitted 
symbol. Max detect 160 determines the largest of the sixty-four outputs for 
each input to FHT processor engine 120. This maximum energy and the 
index of the Walsh symbol is then passed to integrated search processor 128 
and pipelined demodulator processor 126. Pipelined demodulator 

25 processor 126 contains functionality contained in the prior art non-integrated 
demodulation elements which is not implemented in demodulator front 
end 122 that can be shared in the same time sliced manner as FFIT processor 
engine 120. Pipelined demodulator processor 126 also time aligns and 
combines symbol data received at different offsets into a single demodulated 

30 "soft decision" symbol stream which is weighted for best performance of 
deinterleaver - forward error correction decoder 130. In addition, pipeline 
demodulator processor 126 calculates the power level of the signal being 
received. From the received power level a power control indication is created 
to command the mobile unit to raise or lower the mobile unit's transmit 

35 power. The power control indication is passed through modulator 140 which 
adds the indication to the base station transmitted signal for reception by the 
mobile imit. This power control loop operates tmder the method described in 
U.S. Patent 5,056,109 referenced above. 
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The soft decision symbol stream is output to deinterleaver - forward 
error correction decoder 130 where it is deinterleaved and decoded. Channel 
element microprocessor 136 supervises the entire demodulation procedure 
and obtains the recovered call signal from the deinterleaver - forward error 
5 correction decoder via microprocessor bus interface 134. The call signal is 
then routed through digital backhaul link 121 to MTSO 102 which connects 
the call through PSTN 108. 

The forward link data path proceeds much as the inverse of the 
functions just presented for the reverse link. The signal is provided from 

10 PSTN 108 through MTSO 102 and to digital backhaul 121. Digital backhaul 121 
provides input to encoder - interleaver 138 through channel element 
microprocessor 136. After encoding and interleaving the data, encoder - 
interleaver 138 passes the data to modulator 140 where it is modulated as 
disclosed in the above mentioned patents. The output of the modulator is 

15 passed to transmit summer 142 where it is added to the outputs of other 
channel element modems prior to being up-converted from baseband and 
amplified in analog transmitter receiver 116. A summing method is 
presented in a co-pending U.S. Patent Application Serial No. 08/316,156 
entitled "SERIAL LINKED INTERCONNECT FOR THE SUMMATION OF 

20 MULTIPLE DIGITAL WAVEFORMS/' filed September 30, 1994, and assigned 
to the assignee of the present application. As presented in the above 
referenced application, the transmit summer corresponding to each 
element 110 can be cascaded in a daisy-chain fashion eventually resulting in a 
final sum that is provided to the analog transceiver for broadcasting. 

25 Figure 5 shows the elements comprising integrated search 

processor 128. The heart of the searching process is time sliced FHT processor 
engine 120, which, as mentioned above, is shared between integrated search 
processor 128 and demod front end 122 (not shown in Figure 5). Other than 
sharing FHT processor engine 120 and max detect 160 block, integrated search 

30 processor 128 is stand alone, self-controlled, and self-contained. In a manner 
described below, FHT processor engine 120 can perform Walsh symbol 
transforms at a rate 32 times faster than FHT processor 52 of Figure 2. This 
rapid transform capability empowers the time sliced performance of channel 
element modem 110. 

35 In the preferred embodiment FHT processor engine 120 is constructed 

using a six stage butterfly network. Such butterfly networks architectures are 
well known in the art. They provide an efficient mechanism to perform an 
FHT both in terms of minimizing the number of gates and operations and in 
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terms of the number of and speed of clock cycles need to complete the 
transform. 

A butterfly network can be used to create an inverse transform noting 
the symmetry which is used to create the Walsh symbols, A Walsh function 



In the preferred embodiment a Walsh sequence is generated where n = 6, 
therefore a 6-stage butterfly trellis is used to correlate the 64 input sample with 
each of the 64 possible Walsh functions. The butterfly trellis is a series of 6 

15 parallel adders. 

To reap the benefits of FHT processor engine 120 with thirty-two times 
the throughput of its real-time-slaved counterpart, FHT processor engine 120 
must be provided with high rate input data to process. Antenna sample 
buffer 172 has been specifically tailored to meet this need. Antenna sample 

20 buffer 172 is written to and read from in a circular manner 

The searching process is grouped in sets of single offset searches. The 
highest level of grouping is the antenna search set. Each antenna search set is 
made up of a plurality of search windows. Typically each search window in 
the antenna search set is an identically performed search group where each 

25 search window in the antenna search receives data from a different antenna. 
Each search window is made up of a series of search rakes. A search rake is a 
set of sequential search offsets that is performed in a time equivalent to the 
duration of a Walsh symbol. Each search rake is comprised of a set of rake 
elements. Each rake element represents a single search at a given offset. 

30 At the beginning of the searching process, channel element 

microprocessor 136 sends parameters specifying a search window which may 
be part of an antenna search set. The width of the search window may be 
designated in PN chips. The ntmiber of search rakes needed to complete the 
search window varies depending on the number of PN chips specified in the 

35 search window. The number of rake elements per search rake can be specified 
by channel element microprocessor 136 or could be fixed to some constant. 

Referring again to Figure 1 showing an exemplary set of signals 
arriving at the base station from a single mobile unit, the relationship of the 
search window, search rake, and rake element becomes more clear. The 

40 vertical axis in Figure 1 represents the power received in decibels (dB). The 



5 



of order n can be defined recursively as follows: 



10 



W(n) - W(n/2) , W(n/2) 
W(n/2) , W'(n/2) 

where W' denotes the logical complement of W, and W(l) = 1 0| 
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horizontal axis represents the delay in the arrival time of a signal due to 
multipath delays. The axis (not shown) going into the page represents a 
segment of time. Each signal spike in the common plane of the page has 
arrived at the same time but has been transmitted by the mobile station at a 
5 different time. 

The horizontal axis can be thought of as having units of PN chip offset. 
At any given time, the base station perceives a variety of signals from a single 
mobile unit, each of which has traveled a different path and may have a 
different delay than the others. The mobile unit's signal is modulated by a 

10 PN sequence. A copy of the PN sequence is also generated at the base station. 
At the base station, if each multipath signal were individually demodulated, a 
PN sequence code aligned to each signal's timing would be needed. Each of 
these aligned PN sequences would be delayed from the zero offset reference at 
the base station due to the delay. The number of PN chips that the aligned PN 

15 sequence is delayed from the zero offset base station reference could be 
mapped to the horizontal axis. 

In Figure 1, time segment 10 represents a search window set of PN chip 
offsets to be processed. Time segment 10 is divided into five different search 
rakes such as search rake time segment 9, Each search rake is in turn made up 

20 of a number of rake elements which represent the actual offsets to be 
searched. For example, in Figure 1, each search rake is made up of 8 different 
rake elements such as the rake element indicated by arrow 8. 

To process a single rake element as indicated by arrow 8, a set of 
samples over time at that offset are needed. For example, to process the rake 

25 element indicated by arrow 8, the despreading process needs the set of sample 
at the offset indicated by arrow 8 going back into the page over time. The 
despreading process also needs a corresponding PN sequence. The PN 
sequence can be determined by noting the time the samples arrived and the 
offset desired to be processed. The desired offset can be combined with the 

30 arrival time to determine the corresponding PN sequence to be correlated 
with the received samples. 

As the rake element is despread the receive antenna samples and the 
PN sequence are run through a series of values over time. Note that the 
received antenna samples are the same for all offsets shown in Figure 1 and 

35 spikes 2-7 are showing exemplary multipath peaks which arrive 
simultaneously and are only discriminated by the despreading process. 

In the preferred embodiment described below, each rake element is 
offset in time from the preceding rake element by one half PN chip in time. 
This means that if the rake element corresponding to arrow 8 was correlated 
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beginning from the sliced plane shown and moving forward in time (into the 
page as shown) then the rake element to the left of the one corresponding to 
arrow 8 would use samples starting one half chip in time back from the sliced 
plane shown. This progression in time allows each rake element in a 
5 common search rake to be correlated to the same FN sequence. 

Each mobile unit receives the base station's transmitted signal delayed 
by some amount due to the path delay through the terrestrial environment. 
The same short and long code generation is also being performed in the 
mobile unit. The mobile unit generates a time reference based on the time 

10 reference it perceives from the base station. The mobile unit uses the time 
reference signal as an input to it's long and short code generators. The 
information signal received at the base station from the mobile unit is 
therefore delayed by the round trip delay of the signal path between the base 
station and the mobile unit. Therefore if the timing of PN generator 202, 204, 

15 and 206 used in the searching process is slaved to the zero offset timing 
reference at the base station, the output of the generators will always be 
available before the corresponding signal is received from the mobile unit. 

In an OQPSK signal the I channel data and the Q channel data are 
offset from each other by one half chip in time. Therefore OQPSK 

20 despreading used in the preferred embodiment requires data sampled at twice 
the chip rate. The searching process also operates optimally with data 
sampled at half the chip rate. Each rake element within a search rake is offset 
by one half chip from the previous rake element. The one half chip rake 
element resolution ensures that multipath peak signals are not skipped over 

25 without detection. For these reasoris antenna sample buffer 172 stores data 
sampled at twice the PN chip rate. 

One Walsh symbol worth of data is read from antenna sample 
buffer 172 to process a single rake element. Each successive rake element is 
read out of antenna sample buffer 172 half of a PN chip offset from the 

30 previous rake element. Each rake element is despread with the same PN 
sequence read from PN sequence buffer 176 by the despreader. Anterma 
sample buffer 172 is for each rake element in the search rake. 

Antenna sample buffer 172 is two Walsh symbols deep and is 
repeatedly read from and written to throughout the searching process. 

35 Within each search rake, the rake element having the latest offset in time is 
processed first. The latest offset corresponds to the signal which has traveled 
the longest signal path from the mobile unit to the base station. The time at 
which the searcher starts to process a search rake is keyed to the Walsh symbol 
boundaries associated with the rake element having the latest offset in the 
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search rake. A time strobe, referred to as the offset Walsh symbol boundary, 
indicates the earliest time that the searching process can begin the first rake 
element in the search rake because all of the samples needed are available in 
antenna sample buffer 172. 
5 The operation of antenna sample buffer 172 is most easily illustrated by 

noting its circular nature. Figure 6 shows an illustrative diagram of the 
operation of antenna sample buffer 172. In Figure 6 thick circle 400 can be 
thought of as antenna sample buffer 172 itself. Antenna sample buffer 172 
contains memory locations for two Walsh symbols worth of data. Write 

10 pointer 406 circulates around antenna sample buffer 172 in the direction 
indicated in real time, meaning that write pointer 406 rotates around the two 
Walsh symbol deep antenna sample buffer 172 in the time that two Walsh 
symbols worth of samples are passed to searcher front end 174. As the 
samples are written into antenna sample buffer 172 according to the memory 

15 location indicated by write pointer 406, the previously stored values are 
overwritten. In the preferred embodiment, antenna sample buffer 172 
contains 1024 antenna samples because each of the two Walsh symbols 
contains 64 Walsh chips, each Walsh chip contains 4 PN chips, and each PN 
chip is sampled twice. 

20 The operation of the searching process is divided into discrete 'time 

slices.' In the preferred embodiment, a time slice is equal to 1/32 of the Walsh 
symbol duration. The choice of 32 time slices per Walsh symbol is derived 
from the available clocking frequency and number of clock cycles need to 
perform an FHT. 64 clock cycles are required to perform an FHT for one 

25 Walsh symbol. In the preferred embodiment, a clock running at eight times 
the PN chip frequency is available and provides the necessary performance 
level. Eight times the PN chip rate multiplied by the 64 required clocks is 
equivalent to the time it takes to receive two Walsh chips worth of data. 
Because there are 64 Walsh chips in each half of the buffer, 32 time slices are 

30 needed to read in a complete Walsh symbol. 

In Figure 6, a set of concentric arcs on the outside of thick circle 400 
represents read and write operation with antenna sample buffer 172. (The 
arcs within thick circle 400 are used to aid explanation and do not correspond 
to read or write operations.) Each arc represents a read or write operation 

35 during one time slice. The arc closest to the center of the circle occurs first in 
time and each successive arc represents an operation occurring in successively 
later time slices as indicated by time arrow 414. Each of the concentric arcs 
corresponds to a section of anteima sample buffer 172 as represented by thick 
circle 400. If one were to imagine radii drawn from the center of thick 
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circle 400 to the end points of each of the concentric arcs, the portion of thick 
circle 400 between the intersection of the radii and thick circle 400 would be 
representative of the memory locations accessed. For example, during the 
first time slice operation shown, 16 antenna samples are written to anterma 
5 sample buffer 172 represented by arc 402A. 

In Figures 6, 7, and 8 the following search parameters for the 
illustrative search window are assiomed: 

Search window width = 24 PN chips 
Search offset = 24 PN chips 

10 Number of symbols to accumulate = 2 

Number of rake elements per search rake =24. 
Figure 6 also assumes that antenna sample buffer 172 contains nearly a full 
Walsh symbol worth of valid data before the write indicated by arc 402A. 
During subsequent time slices, a write corresponding to arc 402B and to 

15 arc 402C occurs. During the 32 time slices available during one Walsh symbol 
worth of time, the write operations continue from arc 402A to arc 402FF most 
of which are not shown. 

The 32 time slices represented by arcs 402A to 402FF correspond to the 
time used to complete one search rake. Using the parameters given above, 

20 the search rake begins 24 PN chips offset from zero offset reference or real 
time' and contains 24 rake elements. The 24 FN chip offset corresponds to a 
rotation 16.875 degrees around thick circle 400 from the beginning of the first 
write indicated by arc 402A (calculated by dividing the 24 PN chip offset by 
the 256 total number of chips in half antenna sample buffer 172 and 

25 multiplying by 180 degrees.) The 16.875 degree arc is illustrated by arc 412. 
The 24 rake elements correspond to reads indicated by arcs 404A - 404X most 
of which are not shown. The first read corresponding to arc 404A begins at 
the offset some time after the write corresponding to 402C so that a 
contiguous set of data is available. Each successive read such as 4046 is offset 

30 from the previous by a single memory location, corresponding to a 1/2 PN 
chip of time. During the search rake shown, the reads move toward earlier 
time offsets as shown by arcs 404A - 404X slanting counter clockwise with 
progressing time in the opposite rotation direction as write pointer indication 
406. The 24 read represented by arcs 404A to 404X traverse the arc indicated by 

35 arc 418. The progression of the reads toward earlier samples has the 
advantage of providing seamless searching within a search window as each 
search rake is executed. This advantage is explained in detail subsequently 
herein. 
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Each of the reads corresponding to arcs 404A to 404X passes one Walsh 
symbol worth of data to despreader 178. The read therefore corresponds to 
traversing thick circle 400 by 180 degrees. Note that in the search rake shown 
of Figure 6, the last write corresponding to arc 402FF, and last read 
5 corresponding to arc 404X do not include any common memory locations to 
ensure contiguous valid data. However, hypothetically, if the pattern of read 
and writes were to continue they would in fact intersect and valid data would 
not be provided under this condition. 

In most signaling conditions, the result of a rake element worth of data 

10 collected during one Walsh symbol worth of time is not sufficient to provide 
accurate information about the location of diverse signals. In these cases, a 
search rake may be repeated multiple times. The results of rate elements in 
successive search rakes at a common offset are accumulated by search result 
processor 162 as explained in detail subsequently herein. In this case the 

15 search parameters given above indicate that the number of symbols to 
accumulate at each offset is two. Figure 7 shows the search rake of Figure 6 
repeated at the same offset for the next successive Walsh symbol worth of 
data. Note that antenna sample buffer 172 contains two Walsh symbols worth 
of data so that the data that is needed for processing during the search rake 

20 indicated on Figure 7 was written during the search rake shown on Figure 6. 
In this configuration, memory locations 180 degrees away from each other 
represent the same FN offset. 

After completing the two accumulated search rakes in Figures 6 and 7, 
the searching process advances to the next offset in the search window. The 

25 amount of the advance is equal to the width of the search rake processed, in 
this case 12 FN chips. As specified in the search parameters, the search 
window width is 24 FN chips. The width of the window will determine how 
many search rake offsets are needed to complete the search window. In this 
case two different offsets are needed to cover the 24 FN chip window width. 

30 The window width is indicated on Figure 8 by arc 412. The second offset for 
this search window begins at the offset following the last offset of the 
previous search rake and continues around to the nominal zero offset point 
as set by the location of the beginning of the first write as indicated by arc 
430A. Again there are 24 rake elements within the search rake as indicated by 

35 arcs 432A-432X most of which are not shown. Again the 32 writes are 
indicated by the arcs 430A - 430FF. Thus the last write, as indicated by arc 
430FF, and the last read, as indicated by arc 432X, abut one another in antenna 
sample buffer 172 as indicated by reference arrow 434. 
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The search rake shown in Figure 8 is repeated on the opposite side of 
antenna sample buffer 172 much as the search rake in Figure 6 is repeated in 
Figure 7 because the search parameters designate that each symbol is 
accumulated twice. At the completion of the second accumulation of the 
5 second search rake, integrated search processor 128 is available to begin 
another search window. The subsequent search window could have a new 
offset or it could specify a new antenna or both. 

In Figure 8, the location of the boundary between the read half and the 
write half of the buffer is marked with label 436. In Figure 6, the boundary is 

10 marked with label 410. The signal which indicates the point in time 
corresponding to label 436 is referred to as the offset Walsh symbol strobe and 
also indicates that a new Walsh symbol worth of samples is available. As the 
search rakes within a window advance to earlier offsets, the boundary 
between the read and write halves of the buffer slews in lock step 

15 counterclockwise as shown in Figure 8. If after the completion of the present 
search window, if a large change in the offset being processed is desired, the 
offset Walsh symbol strobe may be advanced a large portion of the 
circumference of the circle. 

Figure 9 is a search timeline that provides further graphical illustration 

20 of the searcher processing. Time is plotted along the horizontal axis in units 
of Walsh symbols. Antenna sample buffer 172 address, and PN sequence 
buffer 176 addresses are shown along the vertical axis, also in units of Walsh 
symbols. Because antenna sample buffer 172 is two Walsh symbols deep, 
antenna sample buffer 17?. addressing wraps on even Walsh symbol 

25 boundaries, but for illustrative purposes, Figure 9 shows the addresses before 
being folded on top of one another. Samples are written into antenna sample 
buffer 172 at an address taken directly from the time they were obtained, so 
write pointer 181 into antenna sample buffer 172 is a straight forty-five degree 
inclined line. The offset being processed maps into a base address in antenna 

30 sample buffer address 174 to start a read of a Walsh symbol of samples for a 
single rake element. The rake elements are illustrated in Figure 9 as nearly 
vertical read pointer line segments 192. Each rake element maps to a Walsh 
symbol in height as referred to the vertical axis. 

The vertical gaps between the rake elements within a search rake are 

35 caused by demod front end 122 interrupting the search process to use FHT 
processor engine 120. Demod front end 122 operates in real time and has first 
priority use of FHT processor engine 120 whenever it has a current or queued 
set of data for processing. Therefore t3iT3ically use of FHT processor engine 120 
is given to demod front end 120 on each Walsh symbol boundary 
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corresponding to a PN offset that is being demodulated by demod front 
end 122. 

Figure 9 shows the same search rakes shown in Figures 6, 7, and 8. For 
example, search rake 194 has its 24 rake elements each of which corresponds 
5 to one to the read arcs 404A - 404X on Figure 6. On Figure 9 for search rake 
194, pointer 410 indicates the offset Walsh symbol strobe corresponds to the 
like pointer on Figure 6. To read the current samples, each rake element 
must be beneath write pointer 181. The downward slope of the rake elements 
with a search rake indicates the steps towards earlier samples. Search rake 195 

10 corresponds to the search rake shown in Figure 7 and search rake 196 
corresponds to the search rake shown in Figure 8. 

In the search window defined by the parameters above, only 24 rake 
elements per search rake are specified even though the search rake has 32 
available time slices. Each rake element can be processed in one time slice. 

15 However, it is not practically possible to increase the number of rake elements 
per search rake to 32 to match the number of time slices available during a 
search rake. Demod front end 122 uses some of the available time slices of the 
FHT processor time such as the four slices used for processing the signals in 
inset 178 in Figure 9. There is also a time delay associated with a rake advance 

20 as the read process must wait for the write process to fill the buffer with valid 
data at the advanced offset. Also some margin is needed to synchronize to a 
time slice processing boundary after observing the offset Walsh symbol strobe. 
All these factors practically limit the ntmiber of rake elements which can be 
processed in a single search rake. In some cases the number of rako elements 

25 per search rake could be increased such as if demod front end 122 has only one 
demodulation element assigned and only interrupts FHT processor 
engine 120 once per search rake. Therefore in the preferred embodiment, the 
number of rake elements per search rake is controllable by channel element 
microprocessor 136. In alternative embodiments, the number of rake 

30 elements per search rake could be a fixed constant. 

There also can be significant overhead delay when switching between 
source antennas at the input to the sample buffer or changing the search 
window starting point or width between searches. If one rake needs a 
particular set of samples and the next rake for a different antenna needs to use 

35 an overlapping part of the buffer, the next rake must postpone processing 
until the next offset Walsh symbol boundary occurs, at which point a 
complete Walsh symbol of samples for the new antenna source are available. 
In Figure 9, search rake 198 is processing data from a different antenna than 
search rake 197. Horizontal line 188 indicates the memory location 
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corresponding to the new antenna input samples. Note that search rake 197 
and 198 do not use any common memory locations. 

For every time slice, two Walsh chips of samples must be written to the 
sample buffer and one full Walsh symbol of samples may be read from the 
5 sample buffer. In the preferred embodiment, there are 64 clock cycles during 
each time slice. A full Walsh chip of samples is comprised of four sets of 
samples: ontime I channel samples, late I channel samples, ontime Q charmel 
samples and late Q channel samples. In the preferred embodiment, each 
sample is four bits. Therefore sixty four bits per clock are needed from 

10 antenna sample buffer 172. Using a single port RAM, the most 
straightforward buffer design doubles the word width to 128 bits, and splits the 
buffer into two 64 bit wide, 64 word, independently read/writeable even and 
odd Walsh chip buffers 168, 170. The much less frequent writes to the buffer 
are then multiplexed in between reads, which toggle between the two banks 

15 on successive clock cycles. 

The Walsh chip of samples read from the even and odd Walsh chip 
buffers 168, 170 has an arbitrary alignment to the physical RAM word 
ahgnment. Therefore on the first read of a time slice, both halves are read 
into despreader 178 lo form a two Walsh chip wide window from which the 

20 single Walsh chip with the current offset alignment is obtained. For even 
Walsh chip search offsets, the even and odd Walsh chip buffer address for the 
first read are the same. For odd Walsh chip offsets, the even address for the 
first read is advanced by one from the odd address to provide a consecutive 
Walsh chip starting from the odd half of the sample buffer. The additional 

25 Walsh chips needed by despreader 178 can be passed thereto by a read from a 
single Walsh chip buffer. Successive reads then ensure that there is always a 
refreshed two Walsh chip wide window from which to draw a Walsh chip of 
data aligned to the current offset being processed. 

Referring again to Figure 5, for each rake element in a search rake 

30 processed, the same Walsh symbol of PN sequence data from the PN sequence 
buffer 176 is used in the despreading process. For every clock cycle of a time 
slice, four pairs of PN-I' and PN-Q' are needed. Using a single port RAM, the 
word width is doubled and read from half as often. The single write to PN 
sequence buffer 176 needed per time slice is then performed on a cycle not 

35 used for reading. 

Because the searching process can specify searching PN offsets of up to 
two Walsh symbols delayed from the current time, four Walsh symbols 
worth of PN sequence data must be stored. In the preferred embodiment PN 
sequence buffer 176 is a one hundred and twenty eight word by sixteen bit 
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RAM. Four Walsh symbols are required because the starting offset can vary 
by 2 Walsh symbols and once the starting offset is chosen, one Walsh symbol 
worth of PN sequence is need for correlation meaning three Walsh symbols 
worth of data is need for the despreading process. Because the same PN 
5 sequence is repeatedly used, the data in PN sequence buffer 176 cannot be 
overwritten during the despreading process corresponding to a single search 
rake. Therefore an additional Walsh symbol worth of memory is needed to 
store the PN sequence data as it is generated. 

The data that is written into both PN sequence buffer 176 and antenna 

10 sample buffer 172 is provided by searcher front end 174. A block diagram of 
searcher front end 174 is shown in Figure 10. Searcher front end 174 includes 
short code I and Q PN generators 202, 206 and the long code User PN 
generator 204. The values output by short code I and Q PN generators 202, 206 
and the long code User PN generator 204 are determined by the time of day. 

15 Each base station has a universal timing standard such as GPS timing to create 
a timing signal. Each base station also transmits its timing signal over the air 
to the mobile units. At the base station, the timing reference is said to have 
zero offset because it is aligned to the universal reference. 

The output of long code User PN generator 204 is logically XOR'd with 

20 the output of short code I and Q PN generators 202, 206 by XOR gates 208 
and 210 respectively- (This same process is also performed in the mobile unit 
and the output is used to modulate the mobile unit's transmitted signal.) The 
output of XOR gates 208 and 210 is stored in serial to parallel shift register 212. 
Serial to parallel shift register 212 buffers the sequences up to the width of PN 

25 sequence buffer 176. Ihe output of serial to parallel shift register 212 is then 
written into PN sequence buffer 176 at an address taken from the zero offset 
reference time. In this way, searcher front end 174 provides the PN sequence 
data to PN sequence buffer 176. 

Searcher front end 174 also provides antenna samples to antenna 

30 sample buffer 172. Receive samples 118 are selected from one of a plurality of 
antennas via a MUX 216. The selected receive samples from MUX 216 are 
passed to latch 218 where they are decimated, meaning one quarter of the 
samples are selected for use in the searching process. Receive samples 118 
have been sampled at eight times the PN chip rate by analog transmitter 

35 receiver 116 (of Figure 4). Processing within the searching algorithm is 
designed for samples taken at one half the chip rate. Therefore only one 
quarter of the received samples need be passed to antenna sample buffer 172. 

The output of the latch 218 is fed to serial to parallel shift register 214, 
which buffers the samples up to the width of anteima sample buffer 172. The 
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samples are then written into even and odd Walsh chip buffers 168, 170 at 
addresses also taken from the zero offset reference time. In this way, 
despreader 178 can align the antenna sample data with a known offset with 
respect to the PN sequence. 
5 Referring again to Figure 5, for each clock cycle in a time slice, 

despreader 178 takes a Walsh chip of antenna samples from antenna sample 
buffer 172 and a corresponding set of PN sequence values from PN sequence 
buffer 176 and outputs an 1 and Q channel Walsh chip to the FHT processor 
engine 120 through MUX 124. 

10 Figure 11 shows a detailed block diagram of despreader 178. Even 

Walsh chip latch 220 and odd Walsh chip latch 222 latch the data from even 
Walsh chip buffer 168 and odd Walsh chip buffer 170 respectively. MUX 
bank 224 extracts the Walsh chip of samples to be used from the two Walsh 
chips worth of samples presented to by even and odd Walsh chip 

15 latches 220 and 222. MUX select logic 226 defines the boundary of the selected 
Walsh chip based on the offset of the rake element being processed. A Walsh 
chip is output to OQPSK despreader XOR bank 228. 

The PN sequence values from PN sequence buffer 176 are latched by PN 
sequence latch 234. Barrel shifter 232 rotates the output of PN sequence 

20 latch 234 based on the offset of the rake element being processed and passes 
the PN sequence to OQPSK despreader XOR bank 228 which conditionally 
inverts the antenna samples based on the PN sequence. The XOR'd values 
are then summed through adder tree 230 which performs the sum operation 
in the OQPSK despread, and then simis four despread chip outputs together to 

25 form a Walsh chip for input to FHT processor engine 120. 

Referring again to Figure 5, FHT processor engine 120 takes sixty-four 
received Walsh chips from despreader 178 through MUX 124, and using 
a 6-stage butterfly trellis, correlates these sixty-four input samples with each of 
the sixty-four Walsh functions in a sixty-four clock cycle time slice. Max 

30 detect 160 can be used to find the largest of the correlation energies output 
from FHT processor engine 120. The output of MAX detect 160 is passed on to 
search result processor 162 which is part of integrated search processor 128. 

Search result processor 162 is detailed in Figure 12. Search result 
processor 162 also operates in a time shced manner. The control signals 

35 provided to it are pipeline delayed to match the two time slice delay from the 
start of inputting Walsh chips to FHT processor engine 120 to obtaining the 
maximum energy output. As explained above, a set of search window 
parameters may designate that a number of Walsh symbols worth of data be 
accumulated before the results of the chosen offset are processed. In the 
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parameters used with the example of Figures 6, 7, 8, and 9, the number of 
symbols to accumulate is 2. Search result processor 162 performs the 
summing function along with other functions. 

As search result processor 162 performs the sums over consecutive 
5 Walsh symbols, it must store a cumulative sum for each rake element in the 
search rake. These cumulative sums are stored in Walsh symbol 
accumulation RAM 240. The results of each search rake are input to 
simimer 242 from max detect 160 for each rake element. Summer 242 sums 
the present result with the corresponding intermediate value available from 

10 Walsh symbol accumulation RAM 240. On the final Walsh symbol 
accumulation for each rake element, the intermediate result is read from 
Walsh symbol accumulation RAM 240 and summed by summer 242 with the 
final energy from that rake element to produce a final search result for that 
rake element offset. The search results are then compared with the best 

15 results found in the search up to this point as explained below. 

In the above mentioned co-pending U.S. Patent Application Serial 
No. 08/144,902 entitled "DEMODULATION ELEMENT ASSIGNMENT IN A 
SYSTEM CAPABLE OF RECEIVING MULTIPLE SIGNALS," the preferred 
embodiment assigns the demodulation elements based on the best results 

20 from a search. In the present preferred embodiment, the eight best results are 
stored in best result register 250. (A lesser or greater number of results could 
be stored in other embodiments.) Intermediate result register 164 stores the 
peak values and their corresponding rank order. If the current search result 
energy exceeds at least one of the energy vahies in intermediate result 

25 register 164, search result processor control logic 254 discards the eighth best 
result in intermediate result register 164, and inserts the new result, along 
with its appropriate rank, the PN offset, and antenna corresponding to the 
rake element result. All lesser ranked results are "demoted" one ranking. 
There are a great number of methods well known in the art for providing 

30 such a sorting function. Any one of them could be used within the scope of 
this invention. 

Search result processor 162 has a local peak filter basically comprised of 
comparator 244 and previous energy latch 246. The local peak filter, if 
enabled, prevents intermediate result register 164 from being updated even 
35 though a search result energy would otherwise qualify for inclusion, unless 
the search result represents a local multipath peak. In this way, the local peak 
filter prevents strong, broad "smeared" multipath from filling multiple 
entries in intermediate result register 164, leaving no room for weaker but 
distinct multipath that can make better candidates for demodulation. 
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The implementation of the local peak filter is straightforward. The 
energy value of the previous rake element summation is stored in previous 
energy latch 246. The present rake element summation is compared to the 
stored value by comparator 244. The output of comparator 244 indicates 
5 which of its two inputs is larger and is latched in search result processor 
control logic 254. If the previous sample represented a local maxima, search 
result processor control logic 254 compares the previous energy result with 
the data stored in intermediate result register 164 as described above. If the 
local peak filter is disabled by channel element microprocessor 136 then the 
10 comparison with intermediate result register 164 is always enabled. If either 
the leading or the last rake element at the search window boundary has a 
slope, then the slope latch is set so the boundary edge value can be considered 
as a peak as well. 

The simple implementation of this local peak filter is aided by the 

15 progression of the reads toward earlier symbols within a search rake. As 
illustrated in Figure 6, 7, 8, and 9, within a search rake each rake element 
progress toward signals arriving earlier in time. This progression means that 
within a search window, the last rake element of a search rake and the first 
rake element of the subsequent search rake are contiguous in offset. 

20 Therefore, the local peak filter operation does not have to change and the 
output of comparator 244 is valid across search rake boundaries. 

At the end of processing a search window, the values stored in 
intermediate result register 164 are transferred to best result register 250 
readable by channel element microprocessor 136. Search result processor 162 

25 has thus taken much of the workload from channel element 
microprocessor 136, which in the system of Figure 2 needed to handle each 
rake element result independently. 

The preceding sections have focused on the processing data path of 
integrated search processor 128 and have detailed how raw antenna 

30 samples 118 are translated into a summary multipath report at the output of 
best result register 250. The following sections detail how the each of the 
elements in the search processing data path are controlled. 

Search control block 166 of Figure 5 is detailed in Figure 13. As 
mentioned previously, channel element microprocessor 136 specifies a search 

35 parameter set including the group of antennas to search over as stored in 
antenna select buffer 348, the starting offset as stored in search offset 
buffer 308, the number of rake elements per search rake as stored in rake 
width buffer 312, the width of the search window as stored in search width 
buffer 314, the number of Walsh symbols to accumulate as stored in Walsh 
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symbol accumulation buffer 316, and a control word as stored in control word 
buffer 346. 

The starting offset stored in search offset buffer 308 is specified with 
eighth chip resolution. The starting offset controls which samples are 
5 removed by decimation by latch 218 of Figure 10 in searcher front end 174. 
Due to the two Walsh symbol wide antenna sample buffer 172 in this 
embodiment, the largest value of the starting offset is half of a PN chip less 
than two full Walsh symbols. 

Up until this point, the generic configuration to perform a search has 

10 been disclosed. In reality there are several classes of predefined searches. 
When a mobile unit initially attempts to access the system, it sends a beacon 
signal called a preamble using the Walsh zero symbol. Walsh zero symbol is 
the Walsh symbol which contains all logical zeros instead of half ones and 
zeroes as described above. When a preamble search is performed, the searcher 

15 looks for mobile units sending a Walsh zero symbol beacon signal on an 
access channel. The search result for a preamble search is the energy for the 
Walsh zero symbol. When an acquisition mode access channel search is 
performed, max detect 160 outputs the energy for Walsh zero symbol 
legardless of the maximum output energy detected. The control word stored 

20 in control word buffer 346 includes a preamble bit which indicates when a 
preamble search is being performed. 

As discussed above, the power control mechanism of the preferred 
embodiment measures the signal level received from each mobile unit and 
creates a power control indication to command the mobile unit to raise or 

25 lower the mobile unit's transmit power. The power control mechanism 
operates over a set of Walsh symbols called a power control group during 
traffic channel operation. (Traffic channel operation follows access channel 
operation and implies operation during an active call.) All the Walsh 
symbols within a single power control group are transmitted using the same 

30 power control indication command at the mobile unit. 

Also as described above, in the preferred embodiment of the present 
invention, the signal transmitted by the mobile unit is of a variable rate 
during traffic channel operation. The rate used by the remote unit to transmit 
the data is unknowm at the base station during the searching process. As the 

35 consecutive symbols are accumulated, it is imperative that the transmitter is 
not gated off during the accumulation. Consecutive Walsh symbols in a 
power control group are gated as a group meaning that the 6 Walsh symbols 
comprising a power control group in the preferred embodiment are all gated 
on or all gated off. 
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Thus when the search parameter specifies that a plurality of Walsh 
symbols be accumulated during traffic channel operation, the searching 
process must align each search rake to begin and end within a single power 
control group. The control word stored in control word buffer 346 includes a 
5 power control group alignment bit. With the power control group alignment 
bit set to one indicating a traffic chaimel search, the searching process 
synchronizes to the next power control group boundary instead of just the 
next offset Walsh symbol boundary. 

The control word stored in control word buffer 346 also includes the 
10 peak detection filter enable bit as discussed earlier in conjunction with 
Figure 8, 

The searcher operates either in continuous or single step mode, 
according to the setting of the continuous /single step bit of the control word. 
In single step mode, after a search is performed, integrated search 

15 processor 128 returns to an idle state to await further instructions. In 
continuous mode, integrated search processor 128 is always searching, and by 
the time channel element microprocessor 136 is signaled that the results are 
available, integrated search processor 128 has started the next search. 

Search control block 166 produces the timing signals used to control the 

20 searching process performed by integrated search processor 128. Search 
control block 166 sends the zero offset timing reference to short code 1 and Q 
PN generators 202, 206 and long code User PN generator 204, and the enable 
signal to decimator latch 218 and the select signal to MUX 216 in searcher 
front end 174. It provides the read and write addresses for PN sequence 

25 buffer 176 and even and odd Walsh chip buffers 168 and 170. It outputs the 
current offset to control the operation of despreader 178. It provides the 
intra-time slice timing reference for FHT processor engine 120, and 
determines whether the searching process or the demodulation process uses 
FHT processor engine 120 by controlling FHT input MUX 124. It provides 

30 several pipeline delayed versions of certain internal timing strobes to search 
result processor control logic 254 of Figure 12 to allow it to sum search results 
across a rake of offsets for a number of Walsh symbol accumulations. Search 
control block 166 provides best result register 250 with the pipelined offset and 
antenna information corresponding to accumulated energy in best result 

35 register 250. 

In Figure 13, system time count 342 is slaved to the zero offset time 
reference. In the preferred embodiment as previously detailed, the system 
clock runs at eight times the PN chip rate. There are 256 PN chips in a Walsh 
symbol, and 6 Walsh symbols in a power control group for a total 
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of 6 256 8 = 12,288 system clocks per power control group. Therefore in the 
preferred embodiment, system time count 342 is comprised of a fourteen bit 
counter that counts the 12,288 system clocks. System time count 342 is slaved 
to zero offset time reference strobe for the base station. The input reference 
5 for short code I and Q PN generators 202, 206 and long code User PN 
generator 204 of Figure 10 in searcher front end 174 is taken from system time 
count 342. (Long code User PN generator 204 output is also based on a longer 
system wide reference which does not repeat for approximately 50 days. The 
longer system wide reference is not controlled by the searching process and 

10 acts as a preset value. The continuing operation based on the preset value is 
controlled by system time count 342.) The addresses for PN sequence 
buffer 176 and even and odd Walsh chip buffers 168 and 170 are taken from 
system time count 342. System time count 342 is latched by latch 328 at the 
beginning of each time slice. The output of latch 328 is selected via address 

15 Mux's 330, 332, and 334 which provide the write addresses corresponding to 
the current time slice when these buffers are written at some latter time 
within the time slice. 

Offset accumulator 310 keeps track of the offset of the rake element 
currently being processed. The starting offset as stored in search offset 

20 buffer 308 is loaded into offset accumulator 310 at the beginning of each search 
window. Offset accumulator 310 is decremented with each rake element. At 
the end of each search rake that is to be repeated for further accumulations, 
the number of rake elements per search rake as stored in rake width buffer 312 
is added back to the offset accumulator to reference it back to the first offset in 

25 the search rake. In this way, the searching process again sweeps across the 
same search rake for another Walsh symbol accumulation, If the searching 
process has swept across the current search rake on its final Walsh symbol 
accimiulation then offset accumulator 310 is decremented by one by selection 
of the "-1" input of repeat rake MUX 304 which produces the offset of the first 

30 rake element in the next search rake. 

The output of offset accumulator 310 always represents the offset of the 
current rake element being processed and thus is used to control data input to 
despreader 178. The output of offset accumulator 310 is added by adders 336 
and 338 to the intra-time slice timing output of system time count 342 to 

35 generate the address sequence within a time shce corresponding to a rake 
element. The output of adders 336 and 338 is selected via address MUX's 330 
and 332 to provide antenna sample buffer 172 read addresses. 

The output of offset accumulator 310 is also compared by 
comparator 326 with the output of system time count 342 to form the offset 
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Walsh symbol strobe which indicates that antenna sample buffer 172 has 
sufficient valid data for the searching process to begin. 

Search rake count 320 keeps track of the number of rake elements 
remaining to be processed in the current search rake. Search rake count 320 is 
5 loaded with the width of the search window as stored in search width 
buffer 314 at the beginning of a search window. Search rake cotmt 320 is 
incremented after the processing of the final Walsh symbol accumulation of 
each search rake is complete. When it reaches its terminal coimt all offsets in 
the search window have been processed. To provide a indication that the end 

10 of the current search window is imminent, the output of search rake 
count 320 is summed by summer 324 with the output of rake width buffer 312. 
The end of the search window indication marks the time at which antenna 
sample buffer 172 may begin to be filled with data samples from an alternative 
antenna in preparation for the next search window without disrupting the 

15 contents needed for the current search window. 

When channel element microprocessor 136 specifies a search window, 
it can specify that the search window be performed for a plurality of antennas. 
In such a case, the identical search window parameters are repeated using 
samples from a series of antennas. Such a group of search windows is called 

20 an antenna search set. If an antenna search set is specified by channel element 
microprocessor 136, the antenna set is programmed by the value stored in 
antenna select buffer 348. After the completion of an antenna search set, 
channel element microprocessor 136 is alerted. 

Rake element count 318 contains the number of rake elements left to 

25 process in the current search rake. Rake element count 318 is incremented 
once for each rake element processed and is loaded with the output of rake 
width buffer 312 when the searcher is in the idle state or upon completion of a 
search rake. 

Walsh symbol accumulation count 322 counts the number of Walsh 
30 symbols left to accumulate for the current search rake. The counter is loaded 
with the number of Walsh symbols to accumulate as stored in Walsh symbol 
accumulation buffer 316 when the searcher is in the idle state or after 
completing a search rake sweep on the final Walsh symbol accumulation. 
Otherwise the counter is incremented with the completion of each search 
35 rake. 

Input valid count 302 is loaded whenever the input antenna or 
decimator alignment changes. It is loaded with the minimum number of 
samples the searcher needs to process a search rake based on the output of 
rake width buffer 312 (i.e. one Walsh symbol plus one rake width worth of 
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samples). Each time an antenna sample is written to antenna sample 
buffer 172, input valid count 302 is incremented. When it reaches its terminal 
count, it sends an enable signal that allows the searching process to begin. 
Input valid count 302 also provides the mechanism for holding off the search 
5 processing when the offsets of successive search windows do not allow 
continuous processing of data. 

The searcher operates in either an idle state, a sync state, or an active 
state. Searcher sequencing control 350 maintains the current state. Integrated 
search processor 128 initializes to the idle state when a reset is applied to 

10 channel element modem 110. During the idle state, all counters and 
accumulators in search control block 166 load their associated search 
parameters as presented above. Once channel element microprocessor 136 
commands the searching process to begin a continuous or a single step search 
via the control word, integrated search processor 128 moves to the sync state. 

15 In the sync state, the searcher is always waiting for an offset Walsh 

symbol boundary. If the data in antenna sample buffer 172 isn't valid yet, or if 
the power control group alignment bit is set and the Walsh symbol is not a 
power control group boundary, then integrated search processor 128 remains 
in the sync stale until the proper conditions are met on a subsequent offset 

20 Walsh symbol boundary. With a properly enabled offset Walsh symbol, the 
searcher can move to the active state. 

Integrated search processor 128 stays in the active state until it has 
processed a search rake, at which time it normally returns to the sync state. If 
integrated search processor 128 is in single step mode, it can go from the active 

25 state to the idle state after completing the last rake element for the final 
Walsh symbol accumulation for the last search rake in the search window. 
Integrated search processor 128 then waits for channel element 
microprocessor 136 to initiate another search. If instead, integrated search 
processor 128 is in continuous mode then at this point it loads the new search 

30 parameter set and returns to the sync state to await the offset Walsh symbol at 
the initial offset to be processed in the new search. The active state is the only 
state in which the antenna data samples are processed. In the idle or sync 
states the searcher simply keeps track of time with system time count 342 and 
continues to write into the PN sequence buffer 176 and antenna sample 

35 buffer 172 so that when the searcher does move to the active state these 
buffers are ready to be used. 

Figure 14 is an enlarged view of the first Walsh symbol accumulation 
of the second search rake in a search window such as search rake 196 shown 
in Figure 9. The third Walsh symbol as referenced to the zero offset reference 
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system time clock is shown divided into thirty-two time shces. Searcher 
state 372 changes from sync to active with the offset Walsh symbol boundary 
indication signals that antenna sample buffer 172 ready with valid samples to 
process at that offset. During the next available time slice, the first rake 
5 element of the search rake is processed. The searcher continues to use each 
time slice to process a rack element as indicated by an "S" in time slices 374 
unless demod front end 122 uses the FHT processor engine 120 as indicated by 
an "D" in time slices 374. The searcher finishes processing every rake element 
in the rake and returns to the sync state before the next offset Walsh symbol 

10 boundary. Also shown is search rake count state 362 being incremented 
during the active state until it reaches the terminal state, indicating the 
complete search rake has been processed. Offset count state 364 is shown 
being incremented between each time slice corresponding to a rake element, 
so that it may be used to derive the sample buffer offset read address during 

15 the time slice. Offset count state 364 is pipelined delayed to produce offset 
count for Intermediate result register 164. The offset count 368 is incremented 
on the final Walsh symbol accumulation 370 pass. 

Thus, a single integrated searcher processor, by buffering antenna 
samples and utilizing a time sliced transform processor, can independently 

20 sequence through a search as configured by a search parameter set, analyze the 
results and present a summary report of the best paths to use for 
demodulation element reassignment. This reduces the searcher related 
workload of the microprocessor so that a less expensive microprocessor can be 
used, and also reduces the direct IC costs by allowing a complete channel 

25 element modem on a single IC. 

The general principles described herein can be used in systems using 
alternative transmission schemes. The discussion above was based on the 
reception of a reverse link signal where no pilot signal is available. On the 
forward link of the preferred embodiment, the base station transmits a pilot 

30 signal. The pilot s^al is a signal having known data thus the FHT process 
used to determine which data was transmitted is not necessary. In order to 
embody the present invention, a integrated search processor for receiving a 
signal comprising a pilot signal would not contain the FHT processor or 
maximum detection function. For example FHT processor engine 120 and 

35 max detect 160 blocks of Figure 5 could be replaced with simple 
accumulator 125 as shown in Figure 15. The searching operation when a pilot 
signal is available is analogous to an acquisition mode access channel search 
operation as described above. 
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There are many configurations for spread spectrum multiple access 
communication systems not specifically described herein but with which the 
present invention is applicable. For example, other encoding and decoding 
means could be used instead of the Walsh encoding and FHT decoding. 
5 The previous description of the preferred embodiments is provided to 

enable any person skilled in the art to make or use the present invention. 
The various modifications to these embodiments will be readily apparent to 
those skilled in the art, and the generic principles defined herein may be 
applied to other embodiments without the use of the inventive faculty. 
10 Thus, the present invention is not intended to be limited to the embodiments 
shown herein but is to be accorded the widest scope consistent with the 
principles and novel features disclosed herein. 
WE CLAIM: 



wo 96/10873 



38 



PCT/US95/12390 



CLAIMS 

1. An integrated search processor receiving a signal comprised of 
2 a group of spread spectrum modulated call signals sharing a common 

frequency band, said integrated search processor comprising: 
4 a sample buffer for storing a limited number of data samples of said 

group of spread spectrum modulated call signals wherein each of said spread 
6 spectrum modulated call signals comprises a series of bits encoded in groups 

of a fixed length into a series of symbols having a transmission rate and 
8 wherein said data samples are stored at a rate corresponding to said 

transmission rate; 

10 a PN sequence buffer for storing a limited number of PN sequence 

data chips wherein said PN sequence data chips correspond to a PN sequence 
12 used to modulate at least one call signal in said group of spread spectrum 

modulated call signals; 
14 a despreader for correlating a portion of said data samples of said 

group of spread spectrum call signals stored in said sample buffer with a 
16 portion of said PN sequence data chips stored in said PN sequence buffer and 

for producing a correlated outpul conespondmg to a single symbol; and 
18 a transform engine for decoding said correlated output to produce an 

estimate of said series of bits wherein said transform engine decodes said 
20 correlated output at a rate higher than said transmission rate. 

2. The integrated search processor of claim 1, wherein said sample 
2 buffer is capable of storing two symbols worth of said data samples and 

wherein said PN sequence buffer is capable of storing four symbols worth of 
4 said PN sequence data chips. 

3. The integrated search processor of claim 1, wherein each 
2 symbol in said series of symbols is comprised of a series of code bits and 

wherein, in said at least one call signal, each of said code bits is modulated by 
4 a plurality of said PN sequence data chips and wherein said limited number 

of data samples stored in said sample buffer are stored such that two of said 
6 data samples are stored for each of said PN sequence data chips. 

4. The integrated search processor of claim 1, wherein said 
2 estimate of said series of bits comprises a probability corresponding to each 

possible value of said groups of said fixed length, further comprising a 
4 maximum detector for receiving said estimate and providing a soft decision 
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output value indicative of a maximum energy level of said correlated 
output. 

5. The integrated search processor of claim 1, wherein said rate at 
which said transform engine decodes said correlated output is 32 times 
higher than said transmission rate. 

6. The integrated search processor of claim 1 further comprising a 
demodulation element for producing despread call data wherein said 
transform engine decodes said despread call data. 

7. The integrated search processor of claim 1 wherein said series 
of bits are Walsh encoded in said groups of said fixed length. 

8. The integrated search processor of claim 7 wherein said 
transform engine is a fast Hadamard transformer. 

9. The integrated search processor of claim 4 further comprising 
an accumulator for summing successive ones of said soft decision output 
values. 



10. The integrated search processor of claim 1 further comprising a 
search controller for providing signaling information. 

Ti. The integrated search processor of claim 9 wherein a plurality 
of said series of symbols are grouped into a power control group wherein 
each symbol in said power control group has a common transmitted power 
level. 

12. The integrated search processor of claim 11 wherein said 
accumulator sums said soft decision output values corresponding to 
symbols having a common power control group. 

K. The integrated search processor of claim 1 wherein said 
despreader produces said correlated output at said rate higher than said 
transmission rate and wherein each of said correlated outputs corresponds 
to a time delay offset from a zero offset reference time 
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14. The integrated search processor of claim 10 wherein said 
2 sample buffer is comprised of an even and an odd sample buffer wherein if 

the previous data sample is stored in said even sample buffer then the 
4 subsequent data sample is stored in said odd sample buffer and if the 

previous data sample is stored in said odd sample buffer then the 
6 subsequent data sample is stored in said even sample buffer. 

15. The integrated search processor of claim 1 wherein each symbol 
2 in said series of symbols is comprised of a series of code bits and wherein, in 

said at least one call signal, each of said code bits is modulated by four of said 
4 PN sequence data chips and wherein said limited number of data samples 

stored in said sample buffer are stored such that two of said data samples are 
6 stored for each of said PN sequence data chips, and wherein each sample is 

four bits. 

16. A method of receiving a signal comprised of a group of spread 
2 spectrum call signals sharing a common frequency band in a modem 

operating under control of a modem microprocessor, and isolating one of 
4 said call signals from among said group to determine a call signal strength at 
a path delay time offset from a zero offset reference time, said method 
6 comprising the steps of; 

storing PN sequence data bits in a PN sequence buffer; 
8 storing a first received set of call signal samples in a sample buffer 

having a limited size; 
10 despreading a first fixed length set of said call signal samples from said 

sample buffer corresponding to a first path delay time with a first set of PN 
12 sequence data bits from said PN sequence buffer to produce a first despread 
output; 

14 storing a second received set of call signal samples in said sample 

buffer; and 

16 despreading a second fixed length set of call signal samples from said 

sample buffer corresponding to a second path delay time with said first set of 

18 PN sequence data bits from said PN sequence buffer to produce a second 
despread output; 

20 wherein said second fixed length set of call signal samples comprises a 

large number of the same call signal samples as said first fixed length set of 

22 call signal samples and wherein the length of said first and second received 
set of call signal samples is a fraction the fixed length of said first and second 

24 fixed length set of call signal samples. 
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17. The method of claim 16 for receiving and isolating one of said 
2 call signals from among said group of call signals wherein the step of 

despreading said first fixed length set of call signal samples from said sample 
4 buffer is conditioned upon there being a sufficient number of valid call 

signal samples available in said sample buffer to evaluate said signal 
6 strength at said first path delay time. 

18. The method of claim 16 for receiving and isolating one of said 
2 call signals from among said group of call signals further comprising the 

step of selecting an antenna from a plurality of available antermas to supply 
4 said call signal samples. 

19. The method of claim 16 for receiving and isolating one of said 
2 call signals from among said group of call signals further comprising the 

steps of: 

4 storing a third received set of call signal samples in said sample buffer; 

despreading a third fixed length set of call signal samples from said 
6 sample buffer corresponding to a third path delay time with a second set of 
PN sequence data bits from said PN sequence buffer to produce a third 
8 despread output; 

storing a fourth received set of call signal samples in said sample 
10 buffer; and 

despreading a fourth fixed length set of call signal samples from said 
12 sample buffer corresponding to a fourth path delay time with said second set 
of PN sequence data bits from said PN sequence buffer to produce a fourth 
14 despread output; 

wherein said fourth fixed length set of call signal samples comprises a 
16 large number of the same call signal samples as said third fixed length set of 
call sigiwl samples and wherein the length of said third and fourth received 
18 set of call signal samples is a fraction of the fixed length of said first and 
second fixed length set of call signal samples, 

20. The method of claim 19 for receiving and isolating one of said 
2 call signals from among said group of call signals further comprising the 

steps of: 

4 determining a first call signal strength corresponding to said first 

despread output; 
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6 determining a second call signal strength corresponding to said 

second despread output; 
8 determining a third call signal strength corresponding to said third 

despread output; and 
10 determining a fourth call signal strength corresponding to said fourth 

despread output. 

21. The method of claim 20 for receiving and isolating one of said 
2 call signals from among said group of call signals further comprising the 

steps of: 

4 summing said first call signal strength and said third call signal 

strength; and 

6 summing said second call signal strength and said fourth call signal 

strength; 

8 wherein said first path delay time is the same as said third path delay 

time and wherein said second path delay time is the same as said fourth 
10 path delay time. 

22. The method of claim 21 for receiving and isolating one of said 
2 call signals from among said group of call signals further comprising the 

step of providing a largest summed result to said modem microprocessor. 

23. The method of claim 20 for receiving and isolating one of said 
2 call signals from among said group of call signals wherein said step of 

determining said first call signal strength comprises the step of decoding said 
4 first despread output using a fast Hadamard transform to produce soft 
decision data. 

24. The method of claim 16 for receiving and isolating one of said 
2 call signals from among said group of call signals wherein each of said 

spread spectrum modulated call signals comprises a series of bits encoded in 
4 groups of a fixed length into a series of symbols comprised of a series of code 
bits. 

25. The method of claim 24 for receiving and isolating one of said 
2 call signals from among said group of call signals wherein said series of bits 

is Walsh encoded and said series of symbols are Walsh symbols. 
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26. The method of claim 24 for receiving and isolating one of said 
2 call signals from among said group of call signals wherein each of said code 

bits of said one isolated call signal are modulated by a plurality of said PN 
4 sequence data bits. 

27. The method of claim 24 for receiving and isolating one of said 
2 call signals from among said group of call signals wherein each of said code 

bits of said one isolated call signal are modulated by four of said PN sequence 
4 data bits. 

28. The method of claim 27 for receiving and isolating one of said 
2 call signals from among said group of call signals wherein two call signal 

samples are stored in said sample buffer for each PN sequence data bits. 

29. The method of claim 24 for receiving and isolating one of said 
2 call signals from among said group of call signals wherein said limited size 

of said sample buffer corresponds to two symbols worth of data samples. 

30. The method of claim 24 for receiving and isolating one of said 
2 call signals from among said group of call signals wherein said PN sequence 

data buffer is capable of storing four symbols worth of PN sequence data bits. 

31. The method of claim 24 for receiving and isolating one of said 
2 call signals from among said group of call signals wherein first fixed length 

set of call signal samples corresponds to one symbols worth of data. 

32. The method of claim 24 for receiving and isolating one of said 
2 call signals from among said group of call signals wherein first receive set of 

call signal samples corresponds to 1/32 of a symbol. 

33. The method of claim 16 for receiving and isolating one of said 
2 call signals from among said group of call signals wherein said in step of 

storing said first and second receive set of call signal samples, said first and 
4 second receive set of call signal samples are stored at the same rate at which 
call signal samples are transmitted. 

34. The method of claim 24 for receiving and isolating one of said 
2 call signals from among said group of call signals wherein a series of said 
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symbols are grouped together in a power control group wherein each symbol 
4 in a common power control group is transmitted at a fixed power level. 

35. The method of claim 24 for receiving and isolating one of said 
2 call signals from among said group of call signals further comprising the 
steps of: 

4 despreading a third fixed length set of call signal samples from said 

sample buffer corresponding to a third path delay time with a second set of 

6 PN sequence data bits from said PN sequence buffer to produce a third 
despread output; 

8 despreading a fourth fixed length set of call signal samples from said 

sample buffer corresponding to a fourth path delay time with said second set 
10 of PN sequence data bits from said PN sequence buffer to produce a fourth 
despread output; 

12 wherein said fourth fixed length set of call signal samples comprises a 

large number of the same call signal samples as said third fixed length set of 
14 call signal samples; 

determining a first call signal strength corresponding to said first 
16 despread output; 

determining a second call signal strength corresponding to said 
18 second despread output; 

determining a third call signal strength corresponding to said third 
20 despread output; 

determining a fourth call signal strength corresponding to said fourth 
22 despread output. 

summing said first call signal strength and said third call signal 
24 strength; and 

summing said second call signal strength and said fourth call signal 
26 strength; 

wherein said first path delay time is the same as said third path delay 
28 time and wherein said second path delay time is the same as said fourth 

path delay time and wherein said first fixed length set of call signal samples 
30 and third fixed length set of call signal samples correspond to a common 

power control group. 
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FIELD: Infomiatlon technology. 

SUBSTANCE: system uses channel structure with 
several configurable transport channels. The 
system supports multiple data transmission speed 
values and modes, which can be configured on the 
basis of channel conditions and user terminal 
perfromance level. The system also uses pilot 
structures with several pilot signal type, for 
instance, beacon (MIMO), controlled template and 
canrier pilot signal) for different functions, 
implements transmission speed , synchronisation 
and power control circuits to provide appropriate 
system operation, and uses random access for 
system access by user terminals, fast 
acknowledgement and quick resource assignment. To 
compensate for differences In frequency response 
of transmission/receiving circuits, calibration 
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flaHHan aansKa HcnpaiuMBaeT npHopMTer npeflBapHTenbHofi aansKi/i CUJA Ne 60/421 .309, 
oaamaBfieHHOM "CHCTewia BJIBC c MHo>KecTBOM BxoflOB m MHo>KecTBOM BbixoAOB", noflaHHofi 25 
0KTq6pa 2002. 

06iiaCTb TeXHMKM 

HacToninee M3o6peTeHHe othocmtca b oSmeM k nepefla^e flaHHbix, Sonee KOHKpeTHo k 
CMcreMe cBqaw 6ecnpoBOflHOM noKanbHow BbiMMCJinTenbHow ceTii (BJIBC) (WLAN) co 

MHO>KeCTBOM BXOflOB M MHO>KeCTBOM BblXOflOB (MBxMBblX) (MIMO). 

ypoaeHb xexHMKM 

CMcreMbi 6ecnpoBOAHOM cBfl3i/i lUHpoKo pacnpocrpaHeHbi flnfl o6ecneMeHMq paani/iMHbix Ti/inoe 
nepeflan, raKMx KaK nepeAa^a pemi, naKerHbix flaHHbix i/i t.a- 3tm CMcreMbi Moryr 6biTb 
CMcreMaMM MHOxecTBeHHoro Aocryna, cnoco6HbiMM noflflepjKWBaTb CBnsb co MHOHcecTBOM 
nonbsoBareneM nocneAOBarenbHo nnn oAHOBpeivieHHo nyreivi coBMecTHoro McnonbsoBaHUfl 
flOcrynHbix cucreMMbix pecypcoB. flprnviepbi cucreM MHO>KecTBeHHoro Aociyna BKmonaiOT b ce5n 
cucreMbi MHo>KecTBeHHoro Aocxyna c KOflosbiM pasAeneHiieivi KananoB (MflKP) (CDMA), 
CMcreMbi MHO>KecTBeHHoro AOcryna c BpeMeHHbiM pasAeneHneivi KaHa/iOB (MflBP) (TDMA) m 
CMcreMbi MHo>KecTBeHHoro Aocxyna c MacToiHbiM pasAeneHMeM KaHanoB (MflMP) (FDMA). 

BecnpoBOAHbie jiOKanbHbie BbiHMcnuTenbHbie cerw (BJIBC) (WLAN) raioKe mnpoKO 
pacnpocrpaHeHbi Ann o6ecneMeHMfl cBaaM Me>KAy 6ecnpoBOAHbiMii aneKTpoHHbiMi/i npM6opaMii 
(HanpuMep, KOMnbiOTepaMn) no 6ecnpoBOAHOM nMHUM. BJIBC MO>KeT iicnojibaoBaTb nyHKibi 
AOcryna (wni/i 6a30Bbie OTaHMMn), Koropbie AetiCTByiOT kbk KOHL;eHTpaTopbi m o6ecneHMBaiOT 
B03M0)KH0CTb coeAMHeHMJi pf\i\ 6ecnpoBOAHbix npH6opoB. riyHKTbi flocTyna Moryr laioKe 
CBflSbiBaTb (mjim conpjiraTb) BJIBC c npoBOflHbiMn JIBC, reivi caMbiM npeAOcrasnnq 
6ecnpoBOAHbiM npii6opaM Aocryn k pecypcaM JIBC. 

B CMcreMe GecnpoBOAHoPi cbasm MOAyiiMpoBaHHbiH BbicoKOHacTOTHbiPi (BM) CHman or 
nepeAatOLnero 6noKa MOKer nocrynaTb b npneMHbiPi 5noK no HecKonbKMM ipaccaM 
pacnpocTpaHeHMfl. XapaKrepMCTHKM arnxTpacc pacnpocrpaHeHMfl o5biHHO MSMeHfliOTCfl bo 
speMeHu BCJieACTBue TaKMx 4)aKTopoB, KaKsaMHpaHHa v\ MHoronyneBoe pacnpocxpaHeHne. 
MTo5bi o6ecneMMTb pasHeceHHbiw pe>KMM Ana npoTMBOAewcTBUfl speAHbiM 3c|Dc})eKTaM Ha ipacce 
pacnpocTpaHeHMfl v\ ynyHLumb npoiiSBOAiiTejibHOCTb, mcjkho MCnonbSOBaTb MHOKecTBO 
nepeAaiOLi^Mx i/i npMeMHbix anTeHH. Ecjim rpaccbi pacnpocTpaneHMq Me>mv nepeAaiou^MMM m 
npkieMHbiMM aHreHHaMki nnHeiiHO HesaBi/icuMbi (i.e. nepeAana no oahom rpacce ne 
cfiopMHpyeTCfl KaK ni/iHeMHan K0M6i/iHamifl nepeAan no APymw rpaccaM), hto b o6iAeM c/iynae 
cnpaBeAnkiBO no MeHbLueii iviepe ao HeKOropoii CTeneHM, to BeponrHOcrb tohhofo npkieivia 
nepeAan Aannbix BoapaoTaer no wepe yBennHeHun HHcna aHTehH. 06biHH0 pa3HeceHMe 
yeejiHHMBaeTca v\ np0M3B0AHTenbH0CTb ynyHUjaercn no wiepe roro, kbk yBenMHi/iBaeTCn niicno 
nepeAatoLi^Mx M npi/ieMHbix anTeHH. 

CucreMbi c MHOKecTBOM BXOAOB v\ MHOJKecTBOM BbixOAOB (MBxMBbix) MCnofibsytOT A-nn 
nepeAaHM AanHbix MHO>KecTBO (av ) nepeAaiomux aHieHH h MHO>KecTBO {N- ) npnenHbix 
aHTeHH. Kanan MBxMBbix, o6pa3CBaHHbiki Nj nepeAaiomnMi/i aHreHHaivii/i v\ npneMHbiMM 
aHTeHHaMM, mokst 6biTb pa3no>KeH na n,. npocTpaHCTBeHHbixKaHanoB, 
npH A^_5. <{min Av , Af., }. Ka>KAbiii m3 iv^ npocTpaHCTBeHHbixKaHanoe cooTeeTCTByei OAHOMy 
MSMepeHkiK) (pasMepHOCTH). CuCTewia MBxMBbix MOJKer o6ecneHMTb ynynLueHHyio 
npOMSBOAHTejibhOCTb (nanpHMep, yBejiMHehHyio nponyCKhyio cnoco6HOCTb nepeAanii m 
(mjim) 66nbLijyio HaAe>KH0CTb), ecrm HCnonbsyiOTCa AOnonHMjenbHbie paaiviepHOCTM, cosAanHbie 
MHO>KecTBOM nepeAaioiAMx m npMeiviHbix aHrehH, 

Pecypcbi A-nn aaAaHHofi ci/icTeMbi cbasm, kbk npaBnno, orpaHUHUBaKjTca pasnnHHbiMn 
perynMpyKDiAMMM orpaHUHeHMHiviM m Tpe6oBaHnaMi/i, m nHbiMn npaKTHHecKMiviki coo6pa)KeHMnMM. 
OAHaKo OT cucreMbi Mo>KeT rpeSoBarbca noAAep>KKa HecKonbKux TepMunanoB, oOecneneHMe 
pasHeceHHbixycnyr, AOCTH}KeHMe onpeAeneHHbixypOBHeki nOKaaareneM m t.a- 

no3TOMy B rexHMKe MMeercfl Heo6xoAMMocTb b cMCTewie BJIBC MBxMBbix, cnocoGnoM 
noAAepjKMBarb MH0>KecTB0 nonbSOBareneii m o6ecneHMBaTb BbicoKyio nponSBOAMTe/ibHOCTb 
cucreMbi. 

Cyi^HOCTb iii3o6peTeHMn 
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SaaeneHa cMcreMa MHo>KecTBeHHorofloCTyna BJIBC MBxMBbix, muieromafl paariMMHbie 
B03M0>KH0CTM M cnoco6Haa flocTMMb BbicoKoiS nponaBOflMTeJibHocTM. B BapwaHTe ocymecTBneHMfl 
3Ta CMcreMa npmvieHneT MBxMBbix m MyjibTiinjieKCMpoBaHi/ie c oproroHanbHbiM pasfleneHweM 
4acT0T (MOPM) (OFDM) fljin flocTH>KeHMfl BbicoKow nponycKHOM cnocoGHoc™, 6opb6bi c 
5 BpeflHbiMM 3ct)ct3eKTaMM Ha Tpacce pacnpocrpaHeHi/iq m oGecneMeHun flpyrMx Bbirofl. Ka>KflbiCi 
nyHKT flocTyna b 3tom CMcreivie MO)KeT noAflep}KMBaTb MHo>KecTBo nonbaoBarenbCKHx 
TepMMHanoB. BbifleneHne pecypcos HwcxoflniMeM m Bocxoflflinew nwHUH 3aBi/icMT 0TTpe60BaHMM 
nonbaoBarenbCKHx repMUHanoB, KaHa/ibHbix ycnoBMM m wHbix ctJaiaopoB. 

TaK>Ke npeflnaraercn KaHanbHan crpyKrypa, nQflflep>KMBaioinan 3ct)ct»eKTiiBHbie nepefla^M 
HMCxoflflLnew M Bocxoflflmeti nwHHM. 3x3 KananbHaa cxpyKiypa cx)flep>Ki/iT pflflrpaHcnopTHbix 
KaHanoB, Koropbie Moryr ncnonbsoBaTbcn Ann raKHx cj^yHKLiMM, KaK CMmanMsaLiHfi o 
napan/ierpax cMcreMbi m Ha3HaMeHnax pecypcoB, nepeAana AaHHbix no HucxoAameM v\ 
BOCxoAfliAeM nnHHfiM, cjiynaMMbiM Aocryn CMcreMbi m t.a. Paa/ii/iHHbie CBOMCTsa sthx 
TpaHcnopTHbix KaHanoB aBnaKjrca KOHcj^nrypMpyeivibiMM, mto noaBonaeT ci/icxeMe nerKo 
aAanTHpoBarbCfi k mrnQnenvwo Kanana m ycjiOBwaM aarpysKn. 

MHO)KecTBo CKopocTePi nepeAaMn m pe>KMMOB nepeAaMw noAAep>KMBaK)Tca cucxeMOM BJIBC 
MBxMBbix, MTo6bi AOCTUMb BbicoKoPi nponycKHOli cnoco5HOCTM, Korfla ona noAAep>KMBaeTCfl 

KaHanbHbIMM yCJlOBMflMH M B03M0>KH0CTflMM nonb30BaTeJlbCKHX TepMMHanOB. 3™ CKOPOCTM 

nepeAaHH ycTaHaBJiMBaiOTcn Ha ocHOsaHMM omshok KaHanbHbixycnoBHfi n Moryr Bbi6MpaTbcyi 
^ HeaaBMCMMO Ann HiicxoAfliMePi i/i BOCxoAni^eH jihhmm. Moryr laioKe i/icnonbsoBaTbcn paani/iHHbie 
pe)KMMbi nepeAaHH b saBi/iCMMOCTi/i or HHcna aHieHH b nonbaoBarenbCKi/ixTepMHHanax i/i ot 
KaHajibHbixycnoBMM. Ka>KAbiM pe)KMM nepeAa«HM accoMMnpyeTcn c paannHHoii npocipaHCTBeHHOM 
o6pa6oTKOM B nepeAaiHHKe m npiieMHMKe m MO)KeT Bbi6npaTbCfl A-nn ncnonbsoBaHi/ifl npw 
paajiMHHbixpaGoHMxycnoBmqx. npocipaHCTBeHHafl o5pa6oTKa o6nerHaeT nepeAanyAaHMbixoT 
MHO>KecTBa nepeAaKtiAMx aHieHH n (nnn) npweivi AaHHbix MHOKecTBOM npMeMHbix aHieHH A-nn 
5onee sbicoKOM nponycKHOM cnoco6HOCTn v\ {wnw) 5onee BbicoKoii creneHM pasHeceHUfi. 

B BapiiaHTe ocymeciBjieHMfl CMCTeivia BJIBC MBxMBbix Mcnonbsyer eAUHCTBeHHyio 
MacTOTHyo nonocy KaK a^a Hmxopf\u\Q)A, raK m pf\i\ socxoAfliMefi jimhmm, KOiopbie coBMeciHO 
kicnonbsyiOT OAHy m ly >Ke pa6oHyio nonocy c MCnonbSOBaHneM AynneKCMpOBaHMn c BpeMeHHbiM 
pa3AeneHi/ieM (flBP) (TDD), flnn cucreMbi flBP KaHanbHbie otkjimkm HHCxoAfliAefi n BOCxoAfliAeM 
nkiHi/iki nsjifliOTCfl Bsai/iMHO o6paTHbiMii BenMHMHaMi/i. 3Aecb npeAnaraiOTCn MerOAbi Kanii6pOBKii 
Ann Haxo)KAeHi/ifl m ynera paannHi/iM b nacroTHbix OTKnMKax i^enefi nepeAaHM-npneiwa b nyHKie 
Aocryna m nojibSOBarenbCKkix repMHHanax. 3Aecb raioKe onMCbisaiOTCn MerOAbi pfw\ ynpoiAeHki^i 
npocTpaHCTBeHHoPi o6pa6oTKM b nyHicre AOcryna m nonb30BaTenbCKi/ixTepMi/iHajiaxnyTeM 
kicnonbSOBaHkifl npenMyLAecTsa o6paTMMOCTki npMpOAbi HMCxOAnii^eM m BOCxOAnu^eM jimhmm v\ 
^ KannSpoBKM. 

npeAnaraerca ratoKe crpyKrypa nHJior-CMmanOB c HecKOnbKHMn runaiviM nunor-curHana A-na 
pa3JinHHbix cj:yHKHMM, K npmviepy, MaaKOebiw nmiOT-curHan MO)KeT HCnonbSOBarbCH A-na aaxsara 
nacrorbi m o6Hapy>KeHMn cncreMbi, MBxMBbix nMnOT-cuman MOKer MCnonbSOBarbCJi flnn OL|eHKn 
KaHana, ynpaBJineivibiii arajiOH (r.e. ynpaBJineMbiii niinor-ciirHan) MO>Ker iicnonbSOBarbcn ahr 
40 yjiymijeHHOki OLfeHKki KaHana, a Hecyi^iiki nunor-ciirHan MO>KeT MCnonbSOBarbcn aha cne>KeHMn 3a 
cjiasoki. 

npeAnararorcfl raK>Ke pasnkiHHbie KOnrypa ynpaaneHiifl Ann HaAne>KaL^eM pa6orbi CMCreMbi. 
VnpaBneHiie CKOpocrbio nepeAaHH MO>Ker ocyLAecTBnnrbcn HesaBiiCMMO na HiicxOAflLi^eM v\ 
BocxoAFiLAeM nnHMH. YnpaBneHiie MoiAHocTbio Moxer ocyiAecrBnnrbCFi a^^ neKoropbix nepeAan 
45 (k npMMepy, ycnyr c c|3kiKCiipOBaHHOM CKOpocrbio nepeAaHH). YnpaaneHi/ie CMHxpOHkisaLfiieki 
Mo>Ker Mcnonb30BaTbCfi pf\s\ nepeAan BocxoA^iAeM nMHMM, Hro6bi yHMrbiaarb pasmiHHbie 
3aAep>KKii pacnpocTpaHeHMH Ann nonbSOBajenbCKnx repMUHanOB, pacnonojKeHHbix nOBCKDAV b 
CMcreMe. 

npeAnaraKDTCfl TaK>Ke MerOAbi cnyHaiiHOrc AOcryna Ann o6ecneHeHMfl nonbSOBaTenbCKkiM 
50 repMMHanaM bo3mo>khocth AOcryna k cMcreMe. 3™ wieroAbi noAAspJKMBaKjr AOcryn k CMcreMe 
MHO>KecTBa nonbSOBaTejibCKMxrepiviMHanOB, 6bicrpoe yBeAOMneHwe o nonbiTKax AOCryna k 
CMcreMe w Sbicrpoe HasHaHeHHe pecypcoB HMCxoAfiMeH/BocxoAniAeM nMHi/iw. 

HM>Ke 6onee noAPo6Ho onMCbiaaiorcfi pasnMHHbie acneKrbi m aapi/iaHrbi ocyiAecrBneHMq 
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M3o6peTeHMa. 

KpaTKoe onMcaHMe nepre^KeM 

npi/i3HaKn 1/1 cyi4H0CTb HacTonll^e^o i/i3o6peTeHHfl noncHnioTcn b M3no>KeHH0M HM>Ke 
noflpo6HOM onMcaHMM, wnnHDCTpHpyeMOM 4epTe>KaMM, Ha Koxopbix ofliiHaKOBbie ccbinoHHbie 
no3MLiMM oeosHanaiOT noBciofly oflHn i/i re >Ke sneMeHTbi, m Ha KOTopux npeflcraBneHo 
cneflyioinee: 

Our. 1 - CMCTewa BJIBC MBxMBbix; 

ct>Mr.2 - crpyiaypa yposHeM flnq CMcreMbi BJIBC MBxMBbix; 

ct>Hr.3A, 3B M 3C - crpyKrypa Kaflpa TDD-TDM, crpyKrypa Kaflpa FDD-TDM m crpyKrypa 
KaApa FDD-CDM, cooTBercTBeHHo; 

0Mr.4 - crpyKTypa Kaflpa TDD-TDM c nnibio rpaHcnopTHbiMH KananaMU - BCH, FCCH, FCH, 
RCH M RACH; 

(t»Mr.5A-5G - paanHHHbie cftopMaTbi npoTOKO/ibHoro 6noKa naHHbix (flBfl) (PDU) flnn nam 

TpaHcnopTHbix KanariOB; 

0VW.Q - cjpyKTypa p,n9] naKera FCH/RCH; 

Our? - nyHKT flocryna m flsa noJibsaBarenbCKnx repMHHaria; 

<t»Mr.8A, 9Am 10A-TPM nepeflaioinMx 6jiOKa fl/ifl pe>KMMOB pasHeceHMfl, npocipaHCTBeHHoro 
MyjibTunneKCMpoBaHMfl i/i ynpasneHMq nynoM, cooTBercTBeHHo; 

<l>Mr.8B, 9B M 10B -Tpn npoL;eccopa pasHeceHiifl TXfljiJi pe)KmviOB paaHeceHMjq, 
npocTpaHCTBeHHoro MyjibTwnjieKCupoBaHMn m ynpaBJieHi/in nyHOM cooTBercTBeHHo; 

<t»Mr.8C - MOAynflTop MOPH; 

ct>Mr.8D - CMMBOJi MOPM; 

<t>vw. 1 1 A - 6noK cfjopMnpoBaHUfl Kaflpa m CKpeM6nep b npoqeccope flanHbix TX; 
<t»Mr. 118- KOflep M 6noK noBTopeHna-nepciDopMpoBaHMfl b npoi^eccope Aannbix TX; 
<t>Mr. 1 1 C - APyroM npoqeccop Aannbix TX, KOTopbiPi mokst 6biTb ncnonbSOsaH p,n^ pe>KMMa 
npocTpaHCTBeHHoroMynbTunjieKCMpoBaHMfl; 

<t>Mr. 12A M 128 - AnarpaMMa coctojihmm flna pa6oTbi nojibaoBarenbCKoro repMUHajia; 
<t>Mr. 1 3 - BpeivieHHafl lUKana pna RACH; 

0Mr. 14A M 14B - npOLjeccbi ynpaBneHi/in CKOpocrniviM nepeflan cooTBerCTBeHHO Hi/icxOAfliMeM m 
BOCxoflfliAeM nnHMM; 

<t>v\v. 1 5 - MnmocTpaLfkin AeMCTBiin KOHTypa ynpaBJieHi/in MOu^HOCTbio; ki 

ctJur. 1 6 - npoMecc peryjii/ipoBKii ciiHxpoHi/iaaMHM BOCxoAnineM nnHi/ii/i p,nf\ nonbaoBaie/ibCKoro 
TepMkiHana. 

noApo6Hoe onkicaHne 

Cjiobo "npmviepHbiM" MCnonb3yeTCa nCKniOHHTejibHO ksk "cjiy>KamMM b KanecTBe npniviepa, 
cjiyMan wnn unjiiocTpaMUM". JlioSoPi sapnaHT ocymecTBneHMfl hjih npoeKi, onMcaHHbiM sflecb kbk 
"npmviepHbiM", ne o6a3aTenbHO MHTepnpeTMpOBaTb kbk npeflnOHTMTenbHbiii mhh 
npenMymecTBeHHbiM OTHOCMTejibHOflpyrnx BapHanTOB ocymecTBneHMn mjih npoeKTOe. 

I. 063op ci/icreMbi 

ct>Mr. 1 nOKasbieaeT CMCTeiviy 100 BJIBC MBxMBbix, KOTOpaa nOAAep>*<nBaeT MHO>KecTBO 
nonb30BaTejieM v\ cnoco6Ha Bonnoinarb pasniiHHbie BapManibi ocyLnecTBJieHun n3o6peTeHMH. 
CuCTeiwa 100 BJIBC MBxMBbix BKJiiOHaeT b ce6n HecKOnbKO nynKTOa 110 Aocryna (Flfl) (AP), 
KOTOpbie nOAAep>KiiBaK)T cansb Ann HecKOnbKMx nojibaoBarenbCKnx repMUHa/iOB 120 (FIT) (UT). 
fljin npocTOTbi na cjji/ir.l nOKaaanbi TOnbKO Asa nyHKia 110 AOcryna. FlyHKT AOcryna 
npeAcraBjiqer co6om, KaK npaBi/ino, cTai^iioHapHyio craHifMio, Koropan Mcnonbsyercfi a^^i CBqaM 
c nonbSOBarenbCKHMki TepMMHajiaMki. FlyHKT AOcryna MO}KeTTaK>Ke onpeAennTbcn KaKdasoBan 

CraHL^Mq MHM KaKMM-J1M60 l/IHblM repMMHOM. 

FlonbSOBaTejibCKne repiviHHanbi 120 M0ryT6biTb pacnpeASJieHbi nOBCiOAy b CHCTeivie. Ka>KAbiM 
nonb30BaTenbCKMM repiviHHan MOKerObiTbCTai^MOHapHbiM mjim noABM>KHbiM repiviMHanoM, 
KOTOpbiM MO>KeT CBflSbiBaTbCfl c nyHKTOM AOCTyna. FlonbSOBaTejibCKMii TepMMHan mokgi raioKe 
ynoMMHaTbCfl KaK MoOmibHan CTanqMa, yflaneHHafi CTaHqufl, TepMHHan AOcryna, 
nODbSOBaTejibCKoe o6opyAOBaHMe (FIO) (UE), 6ecnpOBOAHoe ycrpoiiCTBO, Mnn o6o3HaHaTbcn 
KaKHM-nwSo i/iHbiM TepMMHOM. Ka>KAbiH nQjib30BaTenbCKi/iM repivii/iHan MO}KeT cBfi3biBaTbCfl c 

OAHMM Mm, B03M0>KH0, MHO>KeCTBOM nyHKTOB AOCTyna HO HMCXOAqU^eM M (mjim) BocxoAqiAeM 
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riMHi/iM B nK)6oM aaflaHHbiM momsht BpeivieHM. HMcxoflaineM nnHneii (i.e. npaMow riMHi/ieM) 
MMeHyeicn nepeflana or nyHKiaflocryna k nonbsoBarenbCKOMy TepMMHariy, a Bocxoflflinew 
nwHHew (i.e. o6paTHOM nMHi/ieii) MMeHyercn nepeflana or nonbaoBareJibCKoro TepMMHana k 
nyHKTyflocTyna. 

5 HactJur.l nyHKT HOaflocryna CBfl3biBaeTCflcnonb30BaTenbCKMMi/i repMUHanaMM 120a-120f, 
a nyHKT 1 1 0b flocryna CBqabiBaexcn c noJibsoBarenbCKHMM repMHHanaMn 120f-120k. B 
3aBMCMM0CTM OT KOHKpeTHoro BbinofiHeHMq cMCTeMbi 100, nyHKT flocryna Mo>KeT cBnabiBaTbcn co 

MHO>KeCTBOM nOJIbSOBaTeJlbCKHX TepMHHaJlOB OflHOBpeWieHHO (HanpHMep, BO MHO>KeCTBe 

KOflOBbix KaHa/ioB MJiM ROflAi^ariaaoHOB) hhh nocneflOBarenbHo (Hanpi/iMep, bo MHo>KecTBe 
BpeMeHHbix cerMeHTOB). B jik)6om aaflaHHbiH mombht BpewieHM nonbsoBarenbCKHM repMHHari 
MOJKeT npMHi/iMarb nepeAann HMCxoflflLLj,evi huhum ot OAHoro mjim MH0>KecTBa nyHKTOB flocTyna. 
riepeflaMa HucxoflflineM jimhmm ot Ka>KAoro nyHKra flocryna Mo>KeT sKnioMaTb b ceSa 
flonoHHMTenbHbie cjiy>Ke5Hbie AaHHbie, npeAHasHBHeHHbie aha mx npiieMa MHOKecTBOM 
nonb30BaTenbCKMXTepMMHaJiOB, KOHKpeTHbie nonbsoBaTenbCKMe AaHHbie, npeAHasHaMeHHbie 
Ana MX npweMa KOHKperHbiM nonbaoBarenbCKUM repivii/iHanoM, APyrwe riinbi AaHHbix i/ijim nK)6oe 
MX coMeraHne. flonoJiHUTenbHbie cny>Ke5Hbie AanHbie Moryr BKmoMaib b ce6n ni/inoT-cMman, 
coo5i4eHMfl noMCKOBoro Bbiaosa ii LunpoKOBeiMaTenbHbie coo6LAeHMfl, napaMerpbi CMCieMbi m t.a. 

CMcreMa BJIBC MBxMBbix Gaai/ipyercn Ha cereBOM apxHxeKrype c LieHTpannaoBaHHbiM 
KOHTpoJinepoM. TaK, cucTeMHbm KOHrpoJinep 130 CBJiaaH c nyHKiaMn 1 10 Aocryna m Moxer 
^ flanee CBJisbiBaTbcn c flpyrwMn cncTeMaMi/i m ceiflMn. K npMMepy, CMCTeMHbiPi KOHTponjiep 1 30 
MO)KeT CBn3biBaTbca c ceibio naKeTupoBanHbix AanHbix (Cflfl) (PDN), c npoBOflHofi jiOKa/ibHOM 
BbiMncjiMTenbHOM ceTbio (JIBC) (LAN), c iuMpoKOMaciiJTa6HOM cerbio (LUMC) (WAN), c 
MHTepHeiOM, c TenecjsoHHOM cerbio o6iAero nonbsoBanun (TCOFI) (PSTN), c ceibio cotobom 

CB513M M T.A- CuCTeMHblM KOHTpOJlJiep 130 MOKST 5blTb CPpOeKTMpOBaH A-Hfl BbinOJlHeHMfl 

HecKOJibKMx ct)yHKi4MM, TaKMx KBK (1) KOopflMHaqnyi M ynpaBnenne Ana noACoeAMHeHHbix k neiviy 
nyHKTOB AOcryna, (2) Mapmpyri/iaaqiifl AanHbix Me>Kfly stmmm nynKTaMi/i flocTyna, (3) AOCTyn m 
ynpaBJioHne CBJisbio c nonbsoBaTenbCKiiMi/i TepMMHanaMii, o6cjiy>KHBaeMbiMi/i 3tmmh nyNKTawiM 

AOCTyna, m t.a- 

CucTSivia BJIBC MBxMBbix mokst o6ecneHHBaTb BbicoKyio nponyCKHyio cnoco6HCCTb c 

B03M0)KH0CTbHD 3HaHMTenbH0 6o;ibLUerO nOKpblTMJl, He>KeJlH TpaAMMMOHHbie CMCTeMbi BJIBC. 

CtiCTeivia BJIBC MBxMBbix MO>KeT nOAAep>KiiBaTb CMHxpOHHbie, aci/iHxpOHHbie m kisoxpOHHbie 
ycnyrn no nepeAane flaHHbix/peHi/i. CucTeivia BJIBC MBxMBbix mokct 6biTb cnpoeKTupoBaHa a^^ 
c6ecneHeHkifl cneAyiOLA^xxapaKrepMCTiiK: 

- BbicoKan HaAe>KHOCTb o6cny>KMBaHMyi 

- rapaHTMpOBaHHoe KaHecTBO o6cny}KMBaHMa (KO) (QoS) 
^ - BbicoKne MmoBeHHbie CKopocTw nepeAanw AanHbix 

- BbicoKaa cneKTpanbHan 3C|3Ct)eKTMBHOCTb 

- PacujMpeHHbiM A^^anaaoH noKpbiTusi. 

CHCreivia BJIBC MBxMBbix mokst pa6oTaTb b paannHHbix nojiocax HacTCr (Hanpmviep, 
nonocbi U-NII 2,4 FFl; m 5,x rfn), npH ycnOBHnx orpaHUHeHHM no liinpuHe nojiocbi m 
M3nyHeHMK), GBoPiCTBeHHbix Bbi6paHH0M pa6oHeM nonoce. CucTeivia M0>KeT pasMeinaTbca kbk 
BHyrpii, TaK i/i Bne nOMeu^eHim, CTuniiHHbiM MaKCMManbHbiM paaiviepOM cotobom finePiKM 1 km utim 
MeHbLue. CkiCTeMa nOAASpxtMBaeT npi/ino}KeHi/ifl craLfiiOHapHbix TepMMHanOB, xot$i neKCTOpbie 
pa6oHiie pe>KiiMbi TaK}Ke nOAAep>KMBaiOT pa6oTy ncpTaTMBHbix m i/iMeK)Li^iix orpaHMneHHyio 
MoQ^nbHocTb TepMMHanoB. 

45 1 . MBxMBbix, MBxOBbix ii OBxMBbix 

B KOHKpeTHOM BapMSHTe BbinonHeHi/in 11 KaK onMCbmaeTCfi Aanee b onMcaHMi/i, vsm^va nyHKT 
AOCTyna CHaGjKeH HOTbipbMa nepeflaKni^MMH m npMeiviHbiMM aHTeHhaiviM A-nn nepeAanw h npneMa 
AaHHbix, npMMeM oahm m re >Ke MSTbipe aHTennbi ncnonbsyiOTCfi Ann nepeAaMM m A^f npweMa. 
CMCTeMa raKJKe nOAAep>KMBaeT cnyHaii, KOrAa nepeAaiomne m npneMHbie aHTeHHbi yCTpowCTBa 

50 (Hanpmviep, nyHKTa AOcryna, nonbaoBarenbCKoro repMUHana) He i/icnoJibsyiOTca coBMecTHo, 
xOTH 3Ta KOHCfiMrypauMn b HOpManbHOM cocTOnHHn o6ecneHMBaeT 6onee HH3Kyio 
npowsBOAHTenbhocTb, neM npi/i coBMecTHOM iicnonb30BaHi/iii aHTeHH. CucreMa BJIBC MBxMBbix 
M0}KeT TaK}Ke npoeKTiipoBaTbcq TaK, HTo6bi Ka}KAbiM nyHKT AOcryna 6bm oGopyAOBan neKOTopbiM 
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flpyrMM MMcnoM nepeflatoiuMx/npMeMHbix aHieHH. Ka>KflbiM nonbaoBarenbCKUM TepMMHan Mo>KeT 
6biTb cHa6>KeH eAWHciBeHHOM nepeflaK3Lij,eM/npMeMH0M aHieHHOM mjim MHo>KecTBOM 
nepeAaiOLnnx/npMeMHbix aHTSHH p,na nepefla^i/i m npHSMa. Mmcjio SHTeHH, McnonbsyeMbix 
Ka>KflbiM TunoM nonbsoBaTenbCKOFo TepMUHana, MO)KeT sasMcerb or paanM'-iHbix cjaaKTopoB, 
5 TaKMX KaK, K npwMepy, ycnyrw, noflflep)KMBaeMbie nonbaoBarenbCKHM repiviMHanoM (HanpMMep, 
peHb, flaHHbie Hrm o6e), coo6pa}KeHMfl ctommoctm, peryrmpyroiJUMe orpaHMMeHMq, Bonpocbi 

Hafle}KHOCTM M T.fl. 

^^f\ saAaHHOM napbi MHoroaHTeHHoro nyHKxa flocryna h MHoroaHTeHHoro nonbaoBarenbCKoro 
TepMMHana KaHan MBxMBbixo6pa3yeTcn ATj. nepeflaKjiumviM aHxeHHaMn m n^^ npiieMHbiMM 
10 aHTeHHaMH, flocrynHbiMM p,na McnonbaoeaHiia Ana nepeAanM AaHHbix. PasnnHHbie KaHa/ibi 
MBxMBbix cJjopMMpyKiTCfl Me)Kfly nyHKTOwi Aocxyna i/i paanMHHbiMM luiHoroaHTeHHbiMM 
nonbsoBarejibCKkiMn TepMMHanaMki. Ka>KAbiki KaHan MBxMBbix MO>KeT 6biTb pasAeneH Ha a'^ 
npocTpaHCTseHHbix KBHajiOB, TAB A'^j, <min{A,. , jv^ )■ noTOKOBflaHHbixMoryr 
nepeAasaTbCfl no jv^ npocTpaHCTseHHbiM KaHaJiawi. npocrpaHCTBeHHan o6pa6oTKaTpe6yeTcn b 

npMeMHMKe i/i mokgt BbinonHnrbcn mjim He BbinonnnTbcn b nepeAaTHi/iKe ftnr\ nepeAa^H 
MHO>KecTBa noTOKOB AaHHbix no npocrpaHCTBenHbiM KanajiaM. 

Ng npoCTpaHCTBeHHbix KananOB Moryr 6biTb, a Moryr m ne 6biTb oprorOHanbHbi Apyr Apyry- 
^ 3to aaBHCMT or pasHbix cfjaKTopoB, raKi/ix kbk (1) BbinoJinnnacb nii npocrpaHCTBeHHan 

o6pa6oTKa B nepeAaTHMKe, HTo6bi nonyHWTb opTOroharibHbie npocTpahCTBeHHbie Kananbi, m (2) 
6bina JIM npocTpaHCTBeHHan o6pa6oTKa kbk b nepeABTHi/iKe, raK ii b npi/ieMHUKe ycneiuHOM npM 
opTOroHanHaai^HH npocTpaHCTBenHbix KananOB. Ecnw b nepeAaTHMKe He BbinojiHaeTCn nmamvi 
npocTpaHCTBeHHOM o6pa6oTKH, TO npocrpaHCTBeHHbix Kananoa Moryj ctJopMHpoBaxbcn A^,. 

25 nepeAaKDLAMMM aHTeHHawiM, m ManoBeponiHO, hto ohh 6yAyT opToronanbHbi Apyr Apyry- 
iV^ npoCTpaHCTBeHHbix KaHanOB MOryr 6biTb 0pT0r0HanM3Mp0BaHbi nyxeivi BbinonHeNHfl 

AeKOMno3ML(Mn na waTpime KaHanbHbix OTKnuKOB Ann Kanana MBxMBbix, KaK cnMcaHO HM>Ke. 
Ka>KflbiM npocTpaHCTBeHHbiH Kanaji ynOMMnaeTCn KaK co6cTBeHHafl wiOAa Kana/ia MBxMBbix, 
ecnM npoCTpaHCTBeHHbix KaHan0B0pT0r0HanM3Mp0BaHbi cnOMOiAbHDAeKOMno3HL|MM, hto 

30 

TpeSyeT npocTpaHCTBeHHow oSpaSoTKn KaK b nepeAaTMMKe, tbk m b npiieMHMKe, KaK onucano 
HM>Ke. B 3T0M cnynae i lo i okob MaHHwx Moryr riepeAaBaibCH opioi OhanbHO na at^ 

co6cTBeHHbix MOAax. OAnaKO coScTBeHHBR MOAa oSbNHO CMmaeTcn TeopeTMHecKHM 
nocrpoeHHeivi. npocipaHCTBenHbix KananoB, kbk npaBuno, ne nonHOCTbKj opToroHanbhbi 

^ APyr APyry BcneACTBMe paanMHHbix npuni/iH. HanpuMep, npocTpaHCTBSHHbie Kananbi He SyAyi 
opTOrOHajibHbiMM, ecnn (1) nepeAaiMMK He nMeer nHCjDOpiviai^mi o Kanane MBxMBbix mjim (2) 
nepeAaiMMK m (nnn) npMeMHMK mvieiOT HecoBepmeHHyio OL;eHKy Kanana MBxMBbix. flna 
npocTOTbi B HM>KecneAyKDLAeM onMcannn TepiviMH "co6cTBeHHa5i MOAa" ncnonbSyeTCn p,n9\ 
o6o3HaHeHMa cnynaa, KOrAa ASnaeTCn nonbiTKa 0pT0r0Hann3np0BaTb npocrpaHCTBeHHbie 
Kanajibi c ncnonbSOBaHneM AeKOwnosimMM, name ecnv\ 3Ta nonbiTKa MOKei m ne 6biTb 
noriHOCTbio ycneiuHOki, HanpMMep, M3-3a HecoBepmeHHOM oqeHKM Kanana. 

flnn 3aAaHHOro HMCna (k npMwiepy, neTbipex) anTenn b nyHKTe AOCTyna hmcho 
npoCTpaHCTBeHHbix KanajiOB, AOCTynnbix ajia Ka>KAOro nojib30BaTejibCKOro TepMMHana, saekiCMT 
OT HMcna aHTeHH, McnojibsyeMbix 3tmm nonb30BaTeiibCKMM TepMMnanoM, m ot xapaKTepMCTMK 

4s 6ecnpOBOAHOro Kanajia MBxMBbix, KOTOpbiii CBfl3biBaeT aHTenHbi nyHKTa AOCTyna m anTennbi 
noribsoBaTenbCKoro TepwiMHana. Echm nonbsosaTenbCKMCi TepMMhaJi CHa6>KeH oahom anTeHHOM, 
TO HSTbipe aHreHHbi b nyHKTe AOCTyna \a eAMHCTBeHnan aHTenna b nonbSOBaTenbCKOM 
TepMMHane o6pa3yK)T Kanan co iviHo>KecTBoivi bxoaob m oahmm BbixoAOM (MBxOBbix) (MISO) A^a 
HMCxOAaineH nkiHun, m Kahan coahmm bxcaom m MH0>KecTB0M BbixOAOB (OBxMBbix) (SIMO) Ann 

50 B0CX0AflLL\eM nUHMM. 

CHCreivia BJIBC MBxMBbix MO>KeT 6biTb cnpoeKTupOBaHa Ann nOAAep>KaHMn HecKOnbKnx 
pe>KMMOB nepeAaHH. Ta6nMi^a 1 nepenHcnneT pe>KMMbi nepeAanM, noAAep>f<MBaeMbie 
npMi yiepHbiM npoeKTOM cMCTeMbi EJ1BC MBxMBbix. 

I TaOnm^^ 
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^aHHbie nepegaioTtsi efliiHCTaeHHoii aHTeHHoii. ho MoryT nptiH 



PasHeceHLie 

ripocTpaHCTBeHHoe 



C MCnOJ1b30BahHMeM UHCt)0pMaL|HL1 



nepeflaioTca no MHOwecTsy npocrpaHCTBeHHbix i 



Ana npocTOTbi repMHH "paaHeceHi/ie" b HH>KecneAyK)i4eM oniicaHMH oTHocwTCfl k pasHeceHMK) 
nepeflaHM, ecnii He oTMeneHo nHoe. 

PeTKMMbi nepeAami, AOcrynHbie A^fi Mcnonb30BaHi/isR pj}f\ mcxop,f\u\eiA jimhmm m p^f\ 
BocxoA^LMeM jiMHMM A^in Ka>KAoro nojibsoBaTenbCKoro TepMMHajia, saBkicni or micjia aHreHH, 
McnonbsyeMbix b nonbsoBaieribCKOM repMi/iHarie. Ta6ni/iL|a 2 nepeHMcnner pe>KMMbi nepeAami, 
AOcrynHbie pasHbix iMnoB repMiiHanoB p,nf\ HucxoA^LMeM nnHMi/i v\ BocxoA^iMei^ jimhmm b 
npeAnoJio)Ke Hmi MHO)KecTBa (HanpuMep, Herbipex) aHTSHH b nyHKieflocTyna. 



O^kioaHTeHHbiu 



ynpaBJieHMe/iyMOM 



OflNoaHTeHHbiH 



Pj]a Hi/icxoA^iMeM jimhmm Bce pe}KMMbi nepeAami aa MCKmoneHneM pe>KiiMa 
npoCTpaHCTseHHOro Mynb™nneKCMpOBaHi/in Moryr i/icnonb30BaTbcn flnn OflHoaHreHHbix 
nonbsoBareribCKi/ix repMi/iHanoB ii Bce pe>KMMbi nepeAa<-iM Moryr McnojibsoBarbcn a^i^ 
MHoroaHTeHHbix nonbaoBarenbCKi/ixTepMHHanoB. flnn Bocxoflnineti nnHnii see pe}KiiMbi 
nepeAaMM Moryr ncnonbsoBaTbCfl MHoroaHTeHHbiMn nonbaoBarenbCKHMM repMHHanaMn, xorAa 
KaK OAHoaHTGHMbie nonbaoBarenbCKi/ie repMi/iHanbi wcnonbayiOT pe}KHM OBxMBbix Ann nepeAann 
AaHHbixoAHOM AOcrynHOii aHjeHHOii. flnn OBxMBbix MO>KeT HcnonbaoaaTbCfl pasHeceHiie na 
npMGMe (i.e. npneivi nepeAaaaeMbixflaHMbix MHO>KecTBOM npiiewiMbix aHieHH), a raioKe pe>KiiMbi 
ynpaBJieHnnnyMOM. 

CucTeivia BflBC MBxMBbix MO>KeTTaK>Ke 5biTb cnpoeKTuposaHa a-hs^ noAAep>«aHi/ia paani/iHHbix 
Apyrux pe>KMiviOB nepeAaMM, mo raioKe bxoaut b oBteivi waoSpeTeHna, Hanpmviep, pe>KMM 
cjJOpMMpOBaHnsi nyna MO>KeT McnonbSOBaTbcn p,nn nepeAanii AaHHbix na eAUHCiBeHHOM 
co6cTBeHHOH MOfle c ncnojib30BaHiieM KaK aMnniiTyAHOii, raK m cjDaaoBOii MHC|30pMaLiiiM p^a 
co6cTBeHHOH MOAH (BwiecTO OAHOii nuiijb cjDaaoBOM MHC|)opiviaL|MM, Koiopan ronbKO m 
MCnonbsyeTCfl pe)KiiMOM ynpaaneHMn jiynoivi). B KaHecTBe Apyroro npHiwiepa MO)KeT 6biTb 
onpeAeneH "HeynpaB/ifieMbiM" pe>KMM npocrpaHCTBeHHoro MynbTunneKCupoBaHMn, nocpeflCTBOM 
Hero nepeAaiHMK npocro nepeAaer MHOKeciBO hotokob AaHHbix MHO}KecTBOM nepeAaiomiix 
ahTeHH (6e3 KaKOM 6bi to hm 6bmo npocTpaHCTBeHHOw oGpaGoTKn), a npneMHUK BbinonnfieT 
npocTpaHCTBeHHyK) o5pa6oTKy, Heo6xoflHMyK) a™ BbiAeneHi/ia M BCCCTaHOBneHHa hotokob 
AaHHbix OT MH0>KecTBa nepeAatOLAHx aHTeHH, B KanecTee eine OAHoro npMiviepa MO)KeT 6biTb 
onpeAOneH pe>KMM "MHOronojib30BaTenbCKOro" npocTpaHCTseHHOro MynbTHnneKCMpOBaHMfl, 
nocpeACTBOM nero nyhKTAOCTyna nepeflaex mhokgctbo rotokob AaHHbix MHOKecTBOwi 
nepeAatOLnnxaHTeHH (c npocTpaHCTaeHHOfi oGpaSoTKOii) ko MH0>KecTBy nonbaoBaTenbCKi/ix 
repMMHanoB OAHOBpeivieHHO no HucxoAfliMeH jimhum. B KanecTBe eu\e OAHoro nprnwepa MOJKei 
6biTb onpeAe/ieH pe>KiiM npocrpaHCTBeHHoro My/ibTHnjieKCupoBaHMJi, nocpeACiBOM nero 
nepeAaTHMK Bbinonn^ieT npocTpaHCTBeHnyio o6pa6oTKy, nbirancb opToroHannanpoBaTb 
MH0>KecTB0 noTOKOB AaHHbix, nocjiaHHbix Ha MH0>KecTB0 nepeAaromMx ahTeHH (htc M0>KeT He 
6biTb ncnHOCTbio ycneiuHbiM ii3-3a HecoBepiueHHOM oi^eHKn Kanana), a npneiviHiiK BbinonHaeT 
Heo6xoAMMyio npocrpaHCTBeHHyio o6pa6oTKy Ann BbiAe/ieHun m BOCcraHOBneHMn noiOKOB 
AaHHbix, nepeAaHHbix MHOJKecTBOM nepeAaioiAnx anxeHH. TaKnw oGpasoM, npocrpaHCTBeHHaji 



CTpanML<a: 9 



o6pa6oTKaflnfl nepeflaMM MHo>KecTBa noioKOB flaHHbix Mepea MHo>KecTBo npocrpaHCTBeHHbix 
KaHanoB Mo>KeT BbinonHqibca (1) KaK b nepeflaiMMKe, raK m b npMeMHUKe, (2) TonbKo b 
npnewHUKe hjim (3) TonbKo b nepeflaTmiKe. PaaiiimHbie pe>KHMbi npocrpaHCTBeHHoro 
MyjibTMnjieKcwpoBaHMfl Moryr ncnonb30BaTbca b aaBucHMocTi/i ot, k npmviepy, B03M0>KH0CTeM 
5 nyHKTa flocryna m nonbsoBarejibCKHx TepMi/iHanoB, flocrynHow HHct)opMaL(ni/i o cocTOflHi/ii/i 
KaHana, TpeGoeaHMM cucreMbi m r.fl. 

B o6i4eM, nyHKTbi flocryna m nonbaoBarenbCKMe TepwiMHanbi Moryr 6biTb cnpoeKTi/ipoBaHbi c 
HecKOJibKHMM nepeflaiOLUMMM M npneMHbiMM aHTeHHaMM. flnfl ncHoc™, HM>Ke onHCbiBatoTcn 
KOHKpeTHbie BapnaHTbi ocymecTBJieHMq m npoeicrbi, b cooTBercTBHM c KoropbiMw Ka>KflbiM nyHKT 
flocTyna CHa6)KeH MerbipbMfl nepeflaroiuMMii/npiieMHbiMH aHreHHaMi/i, a Ka>KflbiM 
nonb30BaTenbCKMH repMi/iHan CHa6>KeH nerbipbivifl hhh MeHbiue nepeAaioinHMM/npMeMHbiMM 
aHTeHHaMM. 

2. MQPM 

B BapiiaHxe ocymecTBneHMn cMcreMa BJIBC MBxMBbix McnoJibayer MOPM fljia 
3c|)c)DeKTMBHoro pasfleneHMfl ecew ciicreMHOM mnpHNbi nonocbi na necKonbKO [n^ ) 
oproroHajibHbix noAAnanaaoHOB. 3tm noflflnanaaohbi MMenyioTCfl raioKe roHaMM, GnHaMn 
(aneivieHTaMki Ai^CKpeiMsaLikii/i) uni/i HacroTHbiMi/i KaHanaMii. ripM MOPM Ka^K^biM ^0A^Ma^a30H 
accoL|MMpyeTcn c cooTBercTByioineii noflHecymefi, KOTopaa mokst 6biTb npoMOflynnpoBana 
AaHHbiMM. An^ CMcreMbi MBxMBbix, Koropa;) McnonbsyeT MOPH, Ka>KAbiM npocrpaHCTBeHHbiM 

20 KaHan Ka>Kfloro noAA^anaaoHa MOJKer paccMaTpkiBaTbca kbk HeaaBHCMMbiki Kanan nepeflaHw, rfle 
KOwnneKCHoe ycuneHne, ceaaaHHoe c Ka>KflbiM noflflwanaaoHOM, 3ct)c|3eKTiiBHO orpaHMHMBaeTca 
no LUMpMHe nonocbi noAflnanaaoHa. 

B BapManre ocymecTeneHUfl LunpnHa nonocbi CMCxeMbi pasflenflerca na 64 oproroHanbHbix 
nOAflnanaaoHa (r.e, =64), KOTOpbiM HasHaHaiOTCfl nHfleKCbi ot -32 ao +31 , Ha 3tmx 64 

25 noflAnanaaoHOB ncnonbsyioTCfl pjx^ flaHHbix 48 noflflnanaaoHOB (nanpi/iMep, c MHfleKcaMU ±{1 , 

6, 8 20, 22 26}), 4 noflflnanaaoHa (Hanpuwep, c HHfleKcaMU ±{7, 21}) ncnoJibayioTCfl 

flHR nnjiOTHoro CMfHajia ii, bo3mo>kho, cnrHannsaMMn, noflnnanaaoH nocTOSHHOM cocraBJinioineM 
(DC) (c MHfleKCOM 0) He ncnojibayercq, m ocranbHbie noflananaaoHbi ne McnonbsyioTcq u 
cjTy>KaT B KanecTBe aaiqHTHbix noAAnanaaoHoe, 3Ta CTpyKiypa noAA^^anasoHoe MOPH 

30 onucbiBaeicfl 6onee noflpo6HO b flOKyMeHie ciaHAapra 802. 1 1 a I EEE "Macib 1 1 : 

CneLjkictDMKaMHa ynpaejieHna Aocrynoivi k cpefle (MAC) SecnposoAHOM flBC m c|DM3MHecKoro 
ypoBHfl (PHY): BbicoKocKopocTHOM cfDnanMecKUM ypoBeHb b Ananaaone 5 rfq", ceHTfl5pb 1999, 
KOTopbm o5i4eAOCTyneH m BKntoMen b HacTOflinee onucaHne nocpeACTBOM ccbmKH, PasnnHHoe 
4Mcno noAAnanaaoHOB m paannHHbie HHbie crpyKiypbi noAAnanaaoHOB MOP4 Moryr raioKe 

35 BonnoiAaTbca Ana cucreMbi BJIBC MBxMBbix, 4to TaK>Ke BXQqm b o6-beM M3o6peTeHiiq. 
Hanpuwiep, Bce 53 noAAnanaaoHa c HHAeKcawin ot -26 ao +26 wioryT ncnoJibaoBaTbca pj\^\ 
nepeAaHM AaHHbix. B KanecTBe Apyroro npuwiepa Moryr ncnoJibsoBaTbcsi 128-noAAMana30HHaq 
crpyKiypa, 256-noAAMana30HHaq cipyKTypa nnn noAAnanaaoHHan crpyioypa c KaKMM-nM6o 
MHbiM HMcnoM noAAnanasoHOB. flnq qcHocru, hi/dkb onucbiBaeTca cucreMa BJIBC MBxMBbix c 64- 
noAflnanaaoHHOM cTpyKxypoM, onucaHHOM Bbime. 

fljip MOPM noAne>KaLJ4Me nepeAane AaHHbie b Ka)KAOM noAAnanaaoHe cnanana 
MOAynMpyiOTca (T.e. ocyiAecTBriaeTca OTo6pa>KeHMe cumbojiob) c noMoinbio KOHKpeTHOii cxeMbi 
MOAynai^MM, Bbi5paHH0H AJ^a McnonbaoBaHMn bstom noAAnanaaoHe. Hyni/i cooTBeTCTByioT 
HeMCnonbayewibiM nOAmianaaOHaM. flna Ka)KAOro CMMBOnbHOro nepMOAa CMMBOribi MOp,yn^uy\v\ m 

^ Hynn Ann Bcex i^^ noAAnanaaoHOB npeoGpaayiOTcn bo BpeivieHHyK) o6jiacTb c ncnonbsoBaHneM 
cGpaiHoro 6biCTporo npeoGpaaoBaHHn Oypbe (OBFI*) (IFFT) Ana nonyHeHna npeoSpaaoBaHHoro 
CMMBona, KOTOpbm coAep>KMT OTCHerOB bo BpeMeHHOii oSnacTH. flnmenbHOCTb Ka>KAOro 
npeo6pa30BaHHoro ci/iMBona saaMMHo oOpaiHo cBaaana c lumphhom noiiocbi Ka>KAoro CMMBOJia. B 
OAHOM KOHKpSTHOM HpoeKTe flfia CMCTeMbi BJIBC MBxMBbix ujMpMHa nojiocbi CMCreMbi 

SQ cocTaBnaer 20 Mrq, =64, ujHpHHa nonocbi Ka)KAoro cuMBona cocxaBnaer 312,5 kFl;, a 
AnnTeJibHocTb Ka>KAoro cmviBOJia pasHa 3,2 mkc. 

MOPM Mo>KeT o6ecne>HMTb HeKoxopbie npeiiMymecTBa, raKiie KaK npoTMBOASMCTBue 3ct)ct)eKTy 
HacTOTHo-ceneKTMBHoro aawMpaHna, KOTopoe xapaKrepMayeTcn paanHHMbiM ycuneHMeM Kanana 
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Ha paariMMHbix Macrorax bcbm cucxeMHow lUMpi/iHbi nonocbi. OGmensBecTHo, mto MacroxHo- 
ceneKTMBHoe saMMpaHne BbisbiBaei weMccuMBonbHyro i/iHrepcljepeHLimo (MCM) (ISI), 3a CMer 
KOTopoM Ka>KflbiM cMMBon B HpHHnTOM cHma/ie ASMCTByer KaK i/icKa>KeHne flnn nocneAyiOLL\nx 
CMMBonoB B npHHfiTOM cMmaiie. HcKa>KeHMe MCH yxyflujaer npoMSBOAMTenbHocrb, BosAeficTBya 
5 Ha cnoco6HOCTb npasnnbHo AereicTMpoBaTb npi/iHATbie cMMBonbi. C MacxoTHo-ceneKTiiBHbiM 
saMiipaHneM mo>kho 6opoTbCfl c noMoiAbio MOPM nyreivi noBTopeHiifl Ka>KAoro 
npeo6pa30BaHHoro cwMBona (nnn npM6aBneHMfl miKnuMecKoro npecfJMKca k Ka}KAOMy 
npeo6pa30BaHHOMy ciiMBony)Anfl cfjopMHpoBaHMq cooTBercTByioiAero ci/iMBona MOPM, KoropbiM 
sareM m nepeAaercn. 

flnnHa LiMKnMMecKoro npecfjMKca (i.e. SHaMenne A-nn noBTopeHHn) Ana Ka>KAoro cmviBona 
MOPH sasMCHT OT pasGpoca 3aflep>KeK GecnpoBOAHoro Kanana. B HacTHOCTn, A^f 3ct)c|3eKTHBHoPi 
6opb6bi cMCM L|MKnMMecKMM npect)MKc AOJDKen 6biTb A^inHHee, MeM MaKcuManbhbiM o>KMAaeMbiM 
pa36poc3aAep>KeKA-nn CMcreMbi. 

B BapManre ocymecTB/ieHna pj\s\ cwMBonoB MOPM Moryr ncnonbsoBarbcn qi/iKni/mecKMe 
npecjanKCbi pa3Hbix AJiMTenbHOCTew, 3aBMCflinne or o>KMAaeMoro pa35poca 3aAep}KeK. flnyi 
KOHKpeiHOM BbiLueonMcaHHOM CMcreMbi BJIBC MBxMBbix MOKei 6biTb Bbi6paH qiiKnuMecKi/iM 
npectDHKC AnnTenbHOCTbK) 400 mkc (8 OTCHeioB) wnn 800 mkc(16 OTCHeioB) A^if 
Mcnonb30BaHMfl AJin cmmbojiob MOPM. "Kopotkmh" cmmboh MOPM ncnonbsyer i^i/iKJiMMecKi/iM 
npect)MKC AnnTenbHOCTbK) 400 hc m wivieeT AJiHTe/ibHOCTb 3,6 kc. "flnMHHbiH" cmviBon MOPM 
^ Mcnonbsyer MiiKni/iHecKiiCi npecf)MKC 800 kc m HMeer AnmenbHOCTb 4,0 mkc. KopoTKi/ie cmviBOJibi 
MOPM Moiyr McnojibaosaTbcn, ecjii/i MaKCHMa/ibHbiM OKi/iAaeMbiH pa36poc 3aAep>KKi/i cocTasnaeT 
400 MKC n MeHee, a AJinHHbie cuMBonbi MOPM woryr ncnonbsoBarbca, ecjiM pa36poc 3aAep>KeK 
6onbLue, hsm 400 mkc. flnn McnonbsoBaHUfl c pasHbiivin jpaHcnopTHbiMi/i KananaMM Moryr 
Bbi6MpaTbCJi pasHbie LinKnuHecKne npecjDUKCbi, v\ qHKnuHecKuPi npecfjuKC MO>KeT raKxe 
BbiGnpaTbCfl AMHaMMHecKM, KaK onucaHO Huxe. 3a CHer Mcnonb30BaHHfl, KorAa arc bo3mo>kho, 
5onee KopoTKoro qnKnuHecKorc npecjDUKca mo>kho nosbicnTb nponycKHyio cnoco6HOCTb CMCreMbi, 
nocKonbKy Gonbiuee hmcjio cuMBonos MOPM 6onee kopotkom AnnTe/ibHOc™ mo>kho nepeAasarb 

B SaAaHHOM Ct)klKCkipOBaHHOM BpeMeHHOM MHTepBa/ie. 

CucreMa BJIBC MBxMBbix MO>KeT 6biTb jBKjVB cnpoenTMpOBaHa 6e3 wcnojibSOBaHiin MOPM, 

HTO TaK>Ke BXOAMT B 06-beM M306peTeH11fl. 

^° 3. ypoBHeBan crpyicTypa 

<l>Mr.2 MJimocTpupyeT ypoBHesyK) cipyKiypy 200, KOTopan mokst ncnonbsosaTbcn c cwcreMOM 
BJIBC MBxMBbix. ypOBHesan CTpyKiypa 200 BKmOHaer b ce6n (1 ) npwno>KeHiifl m npOTOKOnbi 
sepxHero ypoBHR, Koropbie npuMepHO cooTBeiCTByiOT YpoBHio 3 nnn Bbiiue b aianoHHOM MOAern 
ISO/OSI (eepxHue ypOBHw), (2) npOTOKOnbi m ycjiyrn, KOropbie cooTBerCTByiOT YpOBHK) 2 

^ (ypOBeHb^MHHH), M (3) npOTOKOJlbl H ycnyrn, KOropbie COOTBerCTByiOT YpOBHIO 1 (ct^HSHHeCKHM 
ypOBSHb). 

BepxHMe ypOBHH BKJifOHaiOT B ce6H pasnnHHbie npMno>KeHMH v\ nporOKOnbi, raKwe KaKycny™ 
212 CMrHanM3anmi, ycnym 214 nepeAann flaHHbix, ycnyrki 214 peneBOM nepeAann, npnno>KeHMn 
cxeMHbix AaHHbix M T.A. CumannsaLiMH o6biHH0 o6ecneHMBaeTCa KaK coo6meHMfi, a AaHHbie - 
KaK naKeibi. VcnyrM m npMno>KeHHH e eepxHux ypOBHax nHML|kiMpyiOT m saBepmaiOT coo6meHM?i m 
naKSTbi comacHO ceMaHTMKe m cnHxpOHnsaLinn npOTOKOna cbhsm Me>KAy nyHKTOM Aocryna h 
nonbSOBarejibCKkiM repMi/iHanOM. BepxHMe ypOBHi/i iicnonbsyiOT ycnym, npeAOcraeneHHbie 
VpOBHeM 2. 

ypoBeHb2 noAAepxo^BaeTAOcraBKy coo6LAeHuiM h naKeroB, reHepi/ipyeMbix BepxHi/iMM 
45 ypOBHRMM. B BapkiaHTe ocyLAecTBneHkifl, nOKasaHHOM Ha (|)iir.2, ypoeeHb 2 BKniOHaeT b ce6n 
noAypoBeHb 220 ynpasneHMq AOcrynoM k hmhum (VflJl) (LAC) m noAVPOBeHb 230 ynpaBneHi/iq 
AOcrynOM k cpeAS nepSAaHM (YflC) (MAC). FlOAypOBeHb YflJl BOnnomaeT nporOKOn jihhmh 
nepeAa'-iM AanHbix, KoropbiM npeAycMarpuBaeT npaBunbHbiM nepenoc n AOcraBKy cooSmeHUM, 
renepMpyeMbix eepxHMMH ypOBnaMM. FlOAypOBeHb YflTI ncnonbsyer ycnyrki, npeAOCTaeneHMbie 
50 noAypoBHeM YflC v\ YpoBneM 1 . FloAypoBeHb YflC OTBenaeT aa nepeAany cooSiAeHMH m naKeioB 
0 MCnODbSOBaHMeM ycnyr, o6ecneHeHHbix YpOBHSM 1 . noAypOBSHb YflC ynpaenaei AOcrynOM k 
pecypcaw YpoBHa 1 nocpeACTBOM npiino)KeHiiM m ycJiyra BepxHMx ypoBHax. FloAypoBeHb YflC 
MO}KeT BiaiK)HaTb b ce6f) nporoKon 232 paAMonMHMM (flPJI) (RLP), s\ans\\o\i\w\Acs\ MexaHMSMOM 
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noBTopHOM nepeAa^M, KoropbiCi MOKer wcnonbaoBaTbcn fl/in o6ecne4eHi/in 6onee BbicoKow 
Hafle>KH0CTM fljiH naKeTi/ipoBaHHbix AaHHbix. VpoBeHb 2 Bbiflaer nporoKonbHbie 6noKH flaHHbix 
(HBA) (PDU) HaVpoBeHbl. 

VposeHb 1 coflep>KMT ct)M3H4ecKMM ypoBeHb 240 n noflflep>KMBaeT nepefla^y v\ npneiwi 
paflMocMmanoB Me>Kfly nyHKTOM flocryna m nonbaoBarenbCKHM TepwiUHanoM. 3tot ct)M3MMecKiiM 
ypoBeHb BbinonHner KOflwpoBaHiie, nepeMe>KeHMe, MOflynnLiMK) m npocrpaHCTBeHHyKj o6pa6oTKy 
flna paanwMHbix rpaHcnopTHbix KaHanos, HcnonbsyeMbix flnn nocbinKi/i cooSineHMM m naKeroB, 
renepupyeMbix sepxHUMn ypoBHaMM. B 3tom BapwaHTe ocyinecTBJieHiifl ct)M3MMecKMM ypoaeHb 
BKnK)4aeT b ce6n noflypQBeHb242 MynbTHnneKCMpoBaHUfl, KoropbiM MynbTi/inneKcupyeT 
o6pa5oTaHHbie FlBflflnfl paaniiMHbix rpaHcnopTHbix KananoB b Haflne>KainiiM KaflpoBbiM ctjopwiar. 
VpoBeHb 1 oSecneHMBaer flaHHbie b 6jiOKax KaApoB. 

(t)Mr.2 noKaabiBaer KOHKperHbiM sapMaHT ocymecTsneHnq ypoBHeBOM crpyKTypbi, Koropan 
M0}KeT6biTb Mcnonb30BaHa fljin CMCieMbi BJIBC MBxMBbix. Pa3Jii/iHHbie MHbie npuroflHbie 
ypoBHSBbie CTpyKTypbi Moryr Tame npoeKTupoBaTbcn n McnonbsoBaTbcn flna cMcreMbi BJIBC 
MBxMBbix, 9T0 raioKe bxoamt b o6-beM M3o6peTeHHfl. Bojiee noflpo6HO cjayHKi^nn, BbinonHJieMbie 
Ka>KflbiM ypoBHeM, onucaHbi Hii>Ke, rfle 3to ywiecTHo. 

4. TpaHcnopTHbie KaHa/ibi 

Cmctsmom BJIBC MBxMBbix Moryr noflflep>KMBaTbcn pafl yc/iyr m npunoJKeHWM. Kpowie roro, 
flna HaAne>KaLneM pa6oTbi CHcreMbi MOJKer noTpe6oBaTbca nepeAana flpyri/ixflaHHbix nyHKTOM 
flOcryna nnn o6MeH flaHHbiMi/i Me>Kfly nyHKTOM flociyna m nojibsoBarejibCKHMn repMUHa/iaMH. 
Pm ipaHcnopTHbix KaHanoB Momer 6biTb onpeAeneH Ann CMcreMbi BJIBC MBxMBbix Ann 
nepeHOca pasHbix tmhob AaHHbix. Ta6jiHL|a 3 nepeHncnflei npuMepHbifi Ha6op rpaHcnopTHbix 
KaHa/iOB, a laioKe oGecneHUBaer KpaiKoe onucaHne anf\ Ka>KAoro ipaHcnopTHoro Kanana. 



TpaHcnopTHbie Ka 



Kanan 

cny^aCiHora 

flocTyna 



McnonhsyeTCB nyHKTOM flOCTynaa/id nepeflan 

Mcnofib3yeTCB nyHKTOM flocryna flnsi 3hi/iene- 
Mo:«eT abino/iHaibcs Ha noicafl 
npMHaibix no Kanany RACH 



Mcno/ibsyeTCfl nyHKTOM flocTyna a/is nepeaa^.i no.nb30BaTenbCKHxflaHHbix K nojibaoBaierbCKUM repMnna/iaM m, bo3mowho, 
OTanoHHoro (RMnoT) curHara, wcno/ibsyeMoro no/ibsoeare/ibCKHMH TepwuHa/iaMM flna oi^eHKH rana/ia. MoixeT TaioKS 
iicnonb30BaTbCfl a pesKvm\e lUHpoKoaei^aTe/ibHOM repeAaMH, MTo6bi nocbinaTb coo6ii^eHti(i noHCKDBoro sbisoaa h 

ujupoKoaemaTerbHbie coodmeHMa kd MHCBKecTBy no/ibsoBaTejibciaix lepMHHanoB. 

Mcnon bsyeTcn nojibaoBaTe/ibCKUMii TepMHHajiaMH pfl!\ nojiyMeHU$i ppcryna KcucTeivie u oinpasKM KopoTniix cooSu^eHuO k 
nyHKTyflocTyna. 



Kbk noKasBHO b TaSjim^e 3, TpaHcnopTHbie Kanaribi Hv\cxop,fiiii,ev\ jimhmi/i, Mcnonbsyeivibie 
nyHKTOM flocryna, BKniOHaiOT b ceSn BCH, FCCH n FCH. TpancnoprHbie Kananbi Bocxoflainefi 
nMHUM, HcnonbsyeMbie nonbSOBarenbCKHMii repMUHanaivin, BKniOHaior b ceSa RACH m RCH. 
Ka>KAbiM M3 3TMXTpaHcnopTHbix KBHanoB onwcbiBaeTCH 5onee hoapoSho HM>Ke. 

40 TpBHcnopTHbie KaHanbi, nepeHMcnenHbie b TaSnnne 3, npeflcraBJiaioT KOHKpeTHbiii BapnaHr 
ocymeCTBneHMa KaHanbhOM crpyKTypbi, Koropayi MOner 6birb ncnoJibSOBaHa Ana CHCreivibi BJIBC 
MBxMBbix. MeHbLuee HHCno, AOnoriHMrenbHbie m (nnn) ornnHaiOiAneca rpaHCnoprhbie Kananbi 
MOryr raK>Ke 6birb onpeASneHbi Rna ncnonbSOBaHna b cucreMe BJIBC MBxMBbix. Hanpi/iMep, 
HeKOTopbie ctjyHKMMM Moryr noAAep>KMBaTbCfl cneLinctJUHHbiMn ajiji cttyHKunn rpaHcnoprHbiMn 

4s KaHanaMi/i (k npmviepy, KaHanaivm ni/inor-CMmana, noncKOBoro Bbiaoaa, ynpaBJieniia MOiAHOcrbio 
ki KananaMM CMHxpoHMsaMMki). Ibkum o6pa30M, APyrMe crpyicrypbi KaHanoB c pasnMHHbiMM 
HaSopBMii TpaHcnopTHbix KaHanoe Moryr 6biTb onpefle/ieHbi v\ iicnonb30BBTbca b cucreMe BJIBC 
MBxMBbix, aro raioKe bxoaut b o6-beM naoSpereHUJi. 
5. CTpy Kx ypbi Kafl poB 

flna rpaHcnopTHbix KananoB MO>Ker 6birb onpeAenen p^A crpyKryp KaAPoe, KoHKpernaa 
crpyKrypa KaAPoe p,n9\ ncnonbsoBaHna e cucreivie BJIBC MBxMBbix saBucur or pasnmnbix 
ctiaKTopoB, raKMX, k npmviepy, kbk (1) ncnonbsywTca nn oflHH m re >Ke v\m pasHbie nonocbi 
HacTOT p,n9\ HkicxoflHL^ePi v\ BocxoA^iueM jimhmm m (2) oxeiuia MynbrMnneKCkipoBahkiH, 
McnonbsyeMBfl ahji MyjibrnnjieKcupoBaHMfl rpaHcnoprHbix KananoB BMecre. 
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EcJiM flocTynHa tojibko oflHa nonoca MacTor, to HMcxoflaman m socxoAf man nMHMi/i Moryr 
nepeflaBaibCfl b pasHbix dpasax KaApa c McnonbsoBaHneM flynjieKCMposaHMfl c BpewieHHbiM 
pasfleneHi/ieM (flBP) (TDD), KaK oni/icaHo HH>Ke. Ecjim flociynHbi flee no/iocbi MacxoT, to 
HMcxoflflLnaa m BocxoflflinaH jimhmm Moryr nepeflaBaibca b pasHbix nonocax MacTor c noMouibKj 
AynneKcupoBaHiia c MacroTHbiM pasfleneHneM (fl^P) (FDD). 

KaK flfin ABP, raK m fljin flMP rpaHcnopTHbie Kananbi Moryr MynbTHnneKci/ipoBaTbcn 
nocpeflCTBOM MynbTMnneKcupoBaHMq c BpeivieHHbiM paafleneHweM (MBP) (TDM), 
MyjibTMnjieKCMpoBaHMH c KOflOBbiM pas^eneHMeM (MKP) (CDM), MynbTMnneKCMpoBaHMq c 
MacTOTHbiM pasfleneHHeM (MMP) (FDM) m j.p,. flnn MBP Ka>KflbiH rpaHcnopTHbiM Kanan 
HasHaMaerca oinnMHOM Mac™ Kaflpa. flnn MKPrpaHcnopTHbie Kananbi nepeflaiojcfl coBMecTHo, 
HO Ka>KflbiPi ipaHcnopTHbiM Kanan cttopMwpyeTCfl ornHHaioi^MMCfl koaom cjDopMHpoBaHMn KananoB, 
aHanoTHMHo TOMy, mtq BbinoJiHaercn b cucTeivie MHOJKecTBeHHoro flocryna c KOflOBbiM 
pa3AeneHi/ieM KananoB (MflKP). fljia MMP Ka>KflbiM rpaHcnopTHbiM KaHan HasHaHaeTcn 
OTJiMMaHjineMcn Mac™ nonocbi MacroT flnq jiuhmm. 

B Ta6nML|e 4 nepeMncneHbi paanMHHbie cipyKrypbi Kaflpoe, Koropbie Moryr ncnonbsoBaibCfl 
flna nepeHoca TpaHcnop™bix KaHanos. Ka>KAaa 1/13 3™x cxpyKiyp KaflpoB onucaHa 6onee 
noflpoGHO HM)Ke. flnn achoctm crpyKTypbi KaApoB onncaHbi flnn Ha6opa rpaHcnopTHbix KananoB, 
nepeMMcneHHbix b la6n\Ane 3. 

Ta6ntma 4 

CoBwecTHO wcnojibayeMaa nofioca ^acTOTflnn mcxonnmea m PaaflenbHbie nonocbi yacTOT fljin Hucxoflainefi w 

BOCXOflfm^SH nHHHH BOCXOARl^eiijlHHHH 

BpemeHHoe Cipyiaypa naflpoBflBP-MBP CrpyKiypa KaflpoBflHP-MBP 
KpflOBoe paaflejieHMe CTpyiaypa ngflpoeflBP-IVIKP CTpyinypa Kaflpoe flHP-MKP 



0Mr.3A uniiKjcTpupyeT aapnaHT ocyineciBneHnq crpyKrypbi 300a kbapob flBP-MBP, KOTopan 
MO>KeT McnonbsoBarbCfl, ecnn eAMHcreeHHaa nonoca nacTOT ncnonbsyeTca kbk a^ji 
HMcxoAJiLAeM, TaK M p,ni\ BocxoAfiiMeM jiuhmm. nepeAanaflaHMbix ocyinecTBJineTcq 6noKaMM 
KaApoB flBP. Kajiv^biM kbap flBP MO>KeT 6biTb onpoAeneH KaK nepeKpbiBaioii^MM KONKpeiHyto 
BpeMeHHyK) A^HTenbHCCTb. flnnTenbHocxb KaApa mokbt Sbiib BbiSpaHa na ocHOBaHnn 
paajiMMHbix (JiaKTopoB, raKMX KaK, nanpuMep, (1) lunpMHa nonocbi pa6oMero A^anaaoHa, (2) 
OKMAaeMbie pasMepw HBfl p,n9i TpahcnopTHbix KaHanoB m t.a- B o6LneM 5onee KopoTKMe 
AnmenbHOCTM KaApa Moryr o6ecneHMTb CHM>KeHHbie 3aAep)KKn, OAHaKO 6onee AJinHHbie 
AHMTenbHOCTM KaApa MoryT6biTb 6onee3cj3cjDeK™BHbiMi/i, nocKonbKy aaronoBOK i/i 
AononHMTenbHbie cny}Ke5Hbie flaHHbie Moryr npeACTasn^Tb weHbiuyio nacib KaApa. B 
KOHKpeTHOM BapwaHTe ocyinecTBneHMJi Ka>KAbiM kbap ABP Mwieer AnMienbHocTb 2 mc. 

Ka>KAbiM KaAP ABP paaflejineTCJi Ha cfiaay HMcxoAJiLAeM jimhmm m dpasy BocxoAJiLAeM jimhmm. 
dJaaa HMcxoflnineM jimhmm noflpaaAenqercn na rpM cerivieHTa pj\f\ rpex rpaHcnopTHbix KanajioB 
HMCxoA^iLAeM JIMHMM - BCH, FCCH M FCH. Oaaa BocxoflnineM jimhmm noApaafleJisieTcsi na ABa 
cerMeHia p^a Asyx TpaHcnopTHbix KananoB BocxoAniMeCi jimhmm - RCH m RACH. 

CerweHT Ana Ka>KAoro rpaHcnopTHoro KanaJia MO>KeT 6biTb onpeAenen kbk mmbioiaum 

CfjMKCMpOBaHHyK) AJlHTeJlbHOCTb MJIM nepSMeHHyK) AnMTeJlbHOCTb, KOTOpan MO}KeT M3MeHflTbCyi OT 

KaApa K KaApy. B Bapi/iaHxe ocyiAecTBJieHMJi cerivieHT BCH onpeAejineTCfi kbk MMewinMM 
CtDHKCMpoeaHHyK) AnnTenbHOCTb, a cerivieHTbi FCCH, FCH, RCH m RACH onpeAfiJifitOTCa ksk 
MMeioiAne nepeMeHHbieA-nnTejibHOCTH. 

CerMeHTAna Ka>KAOro TpBHCnopTHOro KaHana MO>KeT ncnoJibaoeaTbCa a™ nepenoca OAHOro 
MJiM 6oJiee npoTOKOJibHbix 5noKOB flanHbix (FlBfl) flna 3Toro TpaHcnopTHoro KanaJia. B 
KOHKpe™oM BapwaHTe ocyiAecTBneHMfl, noKaaanHOM na 0v\r.3A, riBfl BCH nepeAasTca b 
nepBOM cerMeHTe 310, FIBA FCCH nepeflaercfl bo btopom cerivieHTe 320, a oahh hjim Sojiee 
riBA FCH nepeAaiOTCfl b rpeibeM ceriuieHTe 330 0a3bi HMCxoAs^u^eM jimhmm. B 0a3e BOCxoAi^Li^eM 
JIMHMM OAMH MJIM 6ojiee FIBA RCH nepeflaKjTCJi b HeTBeproM cerwieHre 340, a oamh mjim 6ojiee 
FIBA RACH nepeflaKjTcn b nniOM cerivieHTe 350 KBApa ABP. 

CxpyKiypa 300a kbaPOb npeACraBJiner KonKpeiHoe paaMeiAenMe paanMHHbix rpaHcnopTHbix 
KanajiOB b KBApe ABP. 3to pasMeLAenMe M0>KeT o6ecne<HMTb HeKoropbiii BbiMrpbiuj, TaKOM KaK 
CHM>KeHHbie aaAepxKM p,na nepeAanM Aannbix b HMCxoAs^LAeii m BOCxoA^LAeM jiMHMfix. BCH 
nepeAaeTCfl nepBbiM b KBApe ABP, nocKOJibKy oh nepeHOCMT napaivieTpbi CMcreivibi, Koropbie 
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Moryr ncnonbsoBaTbca flna flBfl ocraJibHbix TpaHcnopiHbix KaHanoB b tom >Ke caMOM KaApe 
flBP. FCCH nepeflaeicn cneflyiOLni/iM, nocKonbKy oh nepeHocMT MHc|3opMaL(MK) HaanaMeHMa 
KaHana, yKaabiBatomyro, KaKOM(-ne) nonb30BaTenbCKMH(-He) TepMi/iHan(-bi) HasHaMeHbi flnn 
npweMa flaHHbix HwcxoflHineM nnHim no npniwoMy KaHany (FCH) m KaKOM(-Me) 
5 nonb30BaTeJibCKMM(-e) TepMMHan(bi) Ha3Ha'-ieH(bi) Ann nepefla^n flaHHbix BocxoflameM nnHMw b 
o6paTHOM KaHane (RCH) b TeKymewi Kaflpe flBP. flpyrHe crpyKTypbi KaflpoB flBP-MBP Ta\oKe 
Moryr 6biTb onpefleneHbi m Moryr ncnonbsoBaTbCfl flna CMcreMbi BflBC MBxMBbix, mto raioKe 

BXOAUT B 06"beM M306peTeHMfl. 

ct>Hr.3B unnrocrpupyeT Bapi/iaHT ocymecTBneHiifl crpyKrypbi 300b KaflpoB flMP-MBP, Koropan 
MO)KeT HcnonbsoBaTbCfl, ecni/i Hucxoflnmaa m Bocxoflnman ni/iHrni nepeflaiOTcsi c noMoinbio fleyx 
OTflejibHbix nonoc nacroT. flaHHbie HHCxoflflinefi ni/iHUH nepeflaiOTCfl b Kaflpe 302a HMCxoAflLL\eH 
riMHi/iM, a flaHHbie BocxoflflineM nnHnii nepeAaiOTcn b KaApe 302b socxoAf meM nnHMw. Ka>KAbiM 
KaAP Hi/icxoAflinew v\ BOCxoAfliAew jiuhmm MO>KeT 5biTb onpeAenen, HTo5bi nepeKpbiBaib 
KOHKpeiHyro BpeMeHHyw A^^TenbHocTb (k npuwepy, 2 mc). flnn npocioTbi KaApti HMcxoAfineM m 
BOCxoA5iineM jiMHMH MoryT 6biTb onpeAeneHbi KaK mvieiOLUMe OAHy h ry }Ke A^MTenbHOCTb \a Moryr 
TaK>Ke 6biTb onpeAeneHbi Ana BbipaBHUBaHun Ha rpanmiax Kaflpa. OAHaKo A^a HMcxoAfineM m 
BOCxoAnineM nnHMM Moryr raioKe ncnonbaoBarbca OTnuHawinnecfl flnnTe/ibHOCTn kbapob m (wnn) 
HesbipoBHeHHbie (i.e. cflSHHyrbie) rpaHwqbi Kaflpa. 

KaK noKaaaHO Ha c|3Hr.3B, ioap HMCxoflniAeki hhhmh pasAennercn na ipw cerneHTa p,n9\ ipex 
^ TpancnopTHbix KananoB Hucxofla^eM nMHuw. Kaflp BOCxoflflinePi nwHUH pasAenneTcn na p,Ba 
cerMSHTa p,nf\ AByxTpaHcnopiHbix KaHanoB BOCx.opf\u\eiA nmm. CerMeHT pf\i\ KajKAoro 
TpaHcnopiHoro KaHana MO>KeT 6biTb onpeflenen KaK nMeroinMM c|Di/iKCi/ipoBaHHyK) nnn 
nepeMeHHyK) AnnTenbHOCTb m MOKer ncnojibaoBaTbca Ann nepehoca OAHoro mjih 6cnee FlBfl 
Ana 3Toro TpahcnopTHoro Kanana. 

B KOHKpeTHOM BapnaHTe ocymecTBrieHMn, noKaaahHOM na 4)Mr.3B, KaAP HHCxoAflmeM nHHun 
nepeHOCMT flBfl BCH, flBfl FCCH m oahh unw 6onee riBfl FCH b cerrvieHTax 310, 320 v\ 330 
cooTBeTCTBeHHO. Kaflp BOCxoAJnnePi hhhmm nepehocMT oahh Hnw 6onee FIBfl RCH n oamh hhm 
6onee FIBfl FJACH b cerMeHiax 340 m 350 cooTBeTCTBehHO. 3to KOHKpeTHoe ynopflflOHeHne 
MOjKST o6ecneHMTb BbiHrpbiiu, onucanHbiki Bbime (nanpHMep, CHH)KeHHbie 3aAep)KKH Ann 
nepeAaHM AaHHbix). TpaHcnoprHbie Kananbi Moryr nwerb OTJinHHbie c|)opMaTbi FIBfl, kbk onMcaHO 
^'^ Hii>Ke. flpyrne crpyKrypbi kbapob flHP-MBP TaK>Ke MOryr 6biTb onpefleneHbi h MOryr 

McnonbsoBarbcn flnn cucreMbi BJIBC MBxMBbix, Hro raBKe bxoamt b o6-beM ii3o6peTeHwn. 

<J>Hr.3C MnmocTpMpyer BapHanr ocyinecrBneHiw crpyKrypbi 300c KaApoe flHP-MKP/MMP, 
KOTopan raK>Ke mokct i/iononbaoBarbcn, ecnii Hucxoflninan i/i BOOxoA^iiAasi nv\Hm nepeAaiOTcn c 
MCnonb30BaHneM orflenbhbix nonce Hacror. flanHbie HMCxOflnmeM hmhhh MOryr nepeAaearbCn e 
^ Kaflpe 304a Hucxoflninefi nnHnii, a flanHbie Bocxoflnineii niiHun Moryr nepeflaBarbca b Kaflpe 
304b BOCxoflnu^eM nMHkiM. Kaflpbi HMCxoflniAeki \a BOCxOAnu^eM niiHi/iM MOryr 6biTb onpefleneHbi 
KaK i/iMeK)LAMe OAHy m ry >Ke AmirenbHOcrb (k npmviepy, 2 mc) m MOryr BbipaeHMBarbcn Ha 
rpanimax Kaflpa, 

KaK nOKaaano na c|5Mr.3C, rpii rpaHCnopTHbix Kanana HncxOA^meM nnHMn nepeflaKDTCn 
coBMecTHO B Kaflpe HHCxOAnineM nnHnii, a Asa rpaHCnopTHbix Kanana BOCxoflaifleM nnHMw 
nepeflaiorcn coBMecrno b Kaflpe BOCxoflaiAeM nkiHMM. flnn MKP rpancnoprnbie Kananbi flnn 
Ka}KflOii nMHiiii c|30pMi/ipyK)rcn c orniiHaiOLi^MMMCfl KOAaMM ctsopMiipOBaHMn Kananoe, Koropbie 
MOryr 6biTb KOflaMM Yonuja, KOflaMi/i oproronanbHOro nepeivieHHOro K03(|)ct3iii^MeHTa pacLUMpeHMn 
(OFIKP) (OVSF), KBaaHopToroHanbHbiMii cfiyHKi^i/inMii (KO0) (QOF) m r.fl. flnn MMP 

4s TpaHCnopTHbiM Kananaiui flnn KajKflOii nMHtm HasHanaiorcn pasntmnbie sacru nonocbi nacror flnn 
nMHMM. flnn pasnM^hbix rpaHcnoprhbix KaHanoB b Ka>Kfl0M nnHMM Moryr raK>Ke Mcnonbsoearbcn 
pa3nnHHbie eenMHUHbi moiuhoctm nepeflanii. 

flpyme crpyKTypbi KaflpoB Moryr 6biTbraK>Ke onpeAeneHbi Ana rpaHcnoprhbix KananoB 
HMCxOAnLneM v\ BOCxOAflLAeH nkiHHM, Hro TaK>Ke sxOAur b o6"beM H3o6pereHMa. Kpoivie roro, 

50 Mo>KHo Mcnonb30Barb paaniiMHbie mnbi cipyKryp kbapob Ana Hucxoflainefi m BocxoflainePi nMHi/iH. 
Hanpmviep, ocHOeaHHan na MBP crpyKrypa Kaflpos MO>Ker MCnonbSOBarbCfl Ana HMCxOAaifleki 
nwHMH, a ocHOBaHHan na MKP crpyKrypa KaAPOB Mo>Ker McnonbsoBarbca flna BocxoflaifleM 

nMHMM. 
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B HM)KecneflyK)ineM onucaHUM npeflnonaraercH, mto CMcreMa BJ1BC MBxMBbix ncnonbsyei 
OAHy nonocy MacxoTflna nepeflaM KaK HMcxoflflineM, raK m socxoflflineM hmhhm. flna acHocTM 
noKasaHHan Ha ctiwr SA crpyKrypa KaflpoB flBP-MBP Hcnonbayercfl p,na cMCTewbi BflBC 
MBxMBbix. flnq acHocTn flanee sesAe onMCbieaeTca KOHKpeTHoe BonnomeHi/ie crpyKTypbi ksapob 
5 flBP-MBP. fljin 3Toro BonnomeHna AnnreJibHocTb Ka>KAoro Kaflpa flBP ycraHoaneHa Ha 2 mc, a 
4iicno CMMBOJioB MOP"-l Ha KaAP flBP HBnfleTcn c|3yHKL\MeM or AnMHbi miKnii^ecKoro npect)HKca, 
McnonbsyeMoro flnq cmmbojiob MC-IP. BCH wMeer cjjMKcupoBaHHyK) flniiTenbHocTb 80 mkc m 
Mcnonbayer p,nn nepeAaBaeiwbix cmmbohob MOMP miKni/mecKiiM npecfuiKC AnMTenbhocTbK) 800 
Hc. OcTanbHaa Macrb KaApa flBP coAep>Ki/iT 480 cwMBonoB MOMP, ecnw Mcnonbayercfl 

L(MKJlMMeCKMM npec|3MKC AnWHOM 800 HC, M 533 CMMBOna MOMP nniOC 1,2 mkc H36blTOMHOrO 

BpeMSHM, ecnn ncnoribayeTcn LiHKJiHHecKMM npecj3HKCflnMTe/ibHOCTbK)400 hc. HaGbiTOHHoe 
BpeMa Mo>KeT 5biTb Ao6aBneHo k oxpaHHOMy iiHTepBany b Koniie cerwieHTa RACH. flpyrwe 
crpyKTypbi KaflpoB i/i flpyrae BonjioineHun raKJKe MOiyr McnojibaoBarbca, m 3to bxoamt b o6-beM 
M3o6peTeHMa. 

II. TpaHcnopTHbie KaHaribi 

TpaHcnopiHbie Kananbi ncnonbayroTca flna nepeAaMM Aannbix paannMHbix tmhob m Moryr 6biTb 
KnaccMCt)MMMpoBaHbi b flse rpynnbi: o6iniie rpahcnopTHbie KaHajibi m Bbifle/ieHHbie ipaHcnopTHbie 
KaHanbi. FlocKoribKy oSmi/ie m BbiflenenHbie TpancnopTHbie Kananbi i/icnonbsyiOTCfl flnq paanbix 
Meneti, flnq stmx flsyx rpynn rpaHcnopTHbix KaHanoB MOJKer npuMenqibcq paanaq o6pa6oTKa, 

^ KaK 6onee noflpo6HO onwcaHO HM>Ke. 

OSinne TpaHcnopTHbie KaHanbi . 06ii\\Ae TpancnopTHbie Kananbi BKmoHaror b ce6q BCH, 
FCCH n RACH. 3tii rpaHcnopTHbie Kananbi Hcnonb3yK>Tcq flnq nepeflanH flannbix ko MnojKecTBy 
nonb30BaTenbCKMx repMHnanoB unnflnq npi/ieMa flannbix OTMHO>KecTBa nonbsoBarenbCKHX 
TepMnnanoB. fl/in ynyHLuennq nafle>KnocTM BCH h FCCH nepeflaiOTCfl nynKTOM flociyna c 
McnonbaoBanneM pe}KMMa paaneceHiiq. Flo Bocxoflqineii nHHun RACH nepeflaercq 
nonbSOBarenbCKHMM TepMnnanaMn c McnonbsoBanMeM pe>KMMa ynpaBnenkiq nynoM (ecnn on 
noflflepjKMBaeTCfl nonb30BaTejibCKMMTepMnnanoM). BCH pa5oTaeT na HSBecrnoPi 
c|DHKCMpoBaHHOM CKopocTM nepeflaHM, TaKHTO nonbsoBaTenbCKne TepMnnanbi woryr npunnMaTb m 
o6pa6aTbiBaTb BCH Sea KaKOM-nnSo AononnnTenbHOM HHCjDOpMai^mi. FCCH m RACH 
noAflep>KMBaiOT iviH0>KecTB0 CKopocTePi nepeflaHM, HTo6bi o6ecneHMTb 66nbiijyK) scj^cjaeicrMBHOCTb. 

^'^ TepwmHbi "CKOpocTb nepeflani/i" nnv\ "Ha6op CKOpocreM nepeflaHM", kbk ohm MCnonb30BaHbi 
Sflecb, accoMMMpoBanbi c KonKpeTHbiM KOflOBbiM pe>KMMOM (MnM cxeMOM KOflMpoBankin) m 
KOHKpeTHOki cxeMOM MOflynqi^MM. 

BbiflenenHbie ipaHcnopinbie KaHanbi . BbifleneHHbie xpaHcnopTHbie Kananbi BKmonaiOT b 
ce6n FCH m RCH. 3th TpaHcnopTHbie Kananbi o6biHHO ncnonbsyiOTCfl p,n9\ nepeAaHH 

^ cneqM(J)MHHbix nonbSOBaTenbCKMX flannbix k KOHKpernoMy nonbsoBarenbCKOMy repiviMnany mhm 
KOHKpeTHbiM nonb30BaTenbCKHM TepMHHanOM. FCH m RCH MOryr AHHaiviHHecKki BbiASnaTbca 
nonbSOBarejibCKMM repiviMHanaivi no iviepe Heo6xOAMMOCTM hhm no Mepe flOcrynHOCTM. FCH 
(npflMOM Kanan) mokot raioKe MCnonb30BaTboa b ujupOKOBeiAaTenbhOM pe)KMMe Ana nepeflaHM 
AononHMienbHbix cny>Ke6Hbix, nOMCKOSbix m ujupOKOBeiAaTenbHbix coodmenm k 
nonbSOBarejibCKMM repiviMHanaivi. B oSiagm AOnonHkirenbHbie cny>Ke6Hbie, nOMCKOBbie m 
LUMpOKOBeii^aTenbHbie coodiAeHMq nepeflaiOTCq nepefl nK)6biMM cneifkictDMHHbiMM 
nonbSOBarenbCKkiMM flanHbiMM no Kanany FCH. 

<t>Hr.4 MnniocTpMpyeT npMMepHyio nepeflany no Kananawi BCH, FCCH, FCH, RCH m RACH na 
ocHose CTpyKTypbi 300a Kaflpoa flBP-MBP. B flannoM BapManre ocyLi;ecTBnenMq ofliin FIEfl 410 

45 BCH M OflMH riBfl 420 FCCH nepeflaiOTCn b cerwienTe 31 0 BCH m cerwienTe 320 FCCH 

cooTBeTCTBeHHo. CerMBHT 330 FCH M0}KeT McnonbsoBaTbcqflnq nepeflaHM oflnoro unM 6onee 
riBfl 430 FCH, Ka>Kflbm v\3 KOropbix mokst npeAHasHanaTbcq Ana KOHKperHOro 
nonb30BaTenbCKoro repMnnana mhm MHOKecTBa nonbsoBaxenbCKMx TepMMHanoB. AHanorMMHo 
OAMH Mnw 6onee flBfl 440 RCH MOryT nepeflaBarbca oahmm MnM 6onee nonbaoBarenbCKMMM 

50 TepMMHanaMM b cerivieHTe 340 RCH. Hanano Ka>KAoro FlBfl FCH/RCH yKasbiBaercfl CABMroM 
FCH/RCH OT KOHAa npeAbiAyiAero cerMehia. PaA HBfl 450 RACH MOryT nepSAaBaTbca b 
cerMeHie 350 RACH HecKonbKMMH nonbsoBaTenbCKMMi/i TepMHnanaMM Ann oSpameHUfl k 
CMCTeMe M (Mnii) nepeflaHM kopotkmx cooSu^eHMM, KaK onMcano HM>Ke. 
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fljifl HCHOCTM TpaHcnopTHbie KaHanbi onucbiBaioTca ajih KOHKpeTHoPi crpyKiypbi KaflposflBP- 
MBP, noKaaaHHOM Ha cjji/ir.SA m 4. 

1 . LLIi/ipOKOBemaTenbHbiM Kanan (BCH) - HHCxo^au^aH ni/iHMH 

KaHan BCH Mcnonbayerca nyHKTOM flocryna pj\f\ nepefla^w wanKOBoro nunoT-cwrHana, nwnoT- 
CMmana MBxMBbix, m napaMerpoB cMCTewbi k nonbaoBarenbCKUM repiviMHanaM. ManKOBbiM 
nHfioT-cuman ncnonbayercn nonbsoBarenbCKHMM TepwinHanaMM flna nonyMeHnq cMcreMHoro 
TaKTwpoBaHMfl M "-lacTOTbi. nunoT-cuman MBxMBbix ncnonbayeTca nonbaoBarenbCKHMM 
TepMi/iHanaMM flna 0LieHKi/i KaHana MBxMBbix, o6pa30BaHHoro aHxeHHaMH nyHiaa flocryna m hx 
co6cTBeHHbiMM aHTeHHaMM. ManKOBbifi cwman m nunoT-cwrHan MBxMBbix 6onee noflpo6HO 
onucaHbi HM}Ke. napaMeipbi cucreMbi onpeflenflioT paani/mHbie CBOMcrsa nepeAan HucxoflnineM m 
BOCxoflflineM nnHHM. Hanpmviep, nocKonbKyflnwTejibHOCTH cerivieHTOB FCCH, FCH, RACH m RCH 
asnnioTcn nepeMeHHbiMn, napaMerpbi cucreMbi, Koropbie onpeflenniOTflnMTenbHocTb Ka>Kfloro 
M3 3TMX cerMeHTOB flfifl TeKymero Kaflpa flBP, nepeflaiOTCfl b BCH. 

OmtSA MnjiiocTpMpyeT sapMaHT ocymecTsneHHfl flBfl 41 0 BCH. B stom Bapi/iaHre 
ocymecTBneHHfl nBfl410 BCH BKJiWHaex e ce5fl nacTb 510 npeaM6yjibi h nacTb 516 coo6ineHMfl. 
MacTb 510 npeaivi6ynbi BKJiwMaeT b ce6a MacTb 512 MaqKOBoro nMnoT-cMmaJia m Macib 514 
nunoT-cumana MBxMBbix. MacTb 512 coflep}KMT MasKOBbiPi nMnor-curHan h MMeer 
ctjHKCupoBaHHyio flnmenbHOCTb Tcp=8 mkc. Macib 514 coAep>KMT nunoT-cMrHan MBxMBbix m 
MMeer c|)MKCMpoBaHHyio flnwrejibHOCTb Tmp=32 mkc. Hacib 51 6 coAep>Ki/iT coo5iAeHne BCH m 
MMeer cjjMKCi/ipoBaHHyio flnHrejibHOCib Tbm=40 mkc. fljimenbHOCTb riBfl BCH cjDMKCMpoBaHa 
Ha Tcp + Tmp + Tbm = 80 mkc. 

npeaM6yjia MOKer McnonbsoBarbcn flnji nepeflaHH oflHoro mjim 6onee rMnoB nMnor-cumajia m 
(mjim) whom MHct>opMaL(Mn. MajiKOBbiM nMnor-CMman C0Aep}KHT KOHKperHbiPi Ha6op chmbojiob 
MOAynai^MM, KOTopbiM nepeAaercfl BceMM nepeflatoi^nMM aHreHHaiviM. riHnoT-CHrHan MBxMBbix 
C0Aep>KMT KOHKpeTHbiM Ha6op CMMBOJiOB MOflynflL(MM, KOTopbiH nepeflaercfl bcsmm 
nepeflaK)LU,MMM aHreHHaMn cpaannMHbiMM opxoroHanbHbiiviM KOAaiviM, Koropbie saren nosBonnior 
npneMHHKaM BOCcraHaBnuBarb nMnoT-CMmari, nepeAaHHbiPi Ka>KAOH aHreHHoPi. Pasjii/iHHbie 
Ha6opbi CMMBonoB MOAynaqnM Moryi HcnonbsoBaibcn aji« ManKOBoro nHnoT-CMmajia m nHnor- 
curHana MBxMBbix. reHepupoaaHMe MaaKOBOro nMnor-CMrHana m niinOT-CMrHana MBxMBbix 
6onee noAPo6HO onucaHO HM>Ke. 

CooBi^eHHe BCH nepeHOCMT nHClDOpMaqmo KOHCtDMrypaLiHH CMCreivibi, B Ta6nn4e 5 
nepeHMCJi eHbi paajiHHHbie nonaana npiiMepHoro dJopMara coo6meHM?i BCH. 



nojiefl/napaMerpaB fljiiina (6mt) 



CneTHUKKaflpoB 
CeieBOiS Hfl 
MflRfl 

yp npfl rm 
yp ripm nfl 

flnMHa FCCH 

CKopoCTb FCCH 

AnviHB FCH 

flnwHa RCH 

AnwHa RACH 

PasMep MHTepea/ia RACH 

OxpaHHtjfl KiHTepean RACH 

AnviTe/ibHOCTb u/AKn. npeifjHKca 

CTpaHHHHbiH 6m 

UjHpOKOBSlI^aTejIbHblfl 6t1T 

But yeeflOMJieHMS RACH 

CRC 

SasepLuaioLmie 6MTbi 



CneTHHK KaapoB flBP 

CeTeBoCi MfleHTWctJUKaTop (Hfl) 

Hfl nymaa flociyna 

yposeHb nepeaaiiw nyHKTa flociyna 

ypoBeHb npneua nyHKra Aocryna 

fl/iHTe/ibHOCTb FCCH {BeamKUjSiX CHMBonoB MOPH) 

CitopocTb nepeflaiH il[>vamecmmypoBnt\ FCCH 

/^JIVITe/lbHOCTb FCH (B eflHHVIL^aX CHMBOJIOB MOPH) 

fljime/ibHOCTb RCH (b eflMHii4ax chmbojiob MOPH) 
fljiMTejihHOCTb RACH (a eflUHHi^ax HHTepaajioB RACH) 
fljitiTejibHOCTb Ka>Kdoro HHTepsajia RACH (b emAm[^x 
OxpaHHbifl KiHTepBan b kohlis RACH 
fljiHTejibHOCTb L^HKTtmecKoro npeipkiKca 
'0" = coodu^eHHC noticKOBoro Bbisoaa nocjiaHO no FCH 
'1" = He nocna>iocoo6ii4eHMs:i noHCkOBoro BhisoBa 
"0" = lUHpoKOBSin. coo6ineHMe nocnaHO no FCH 
■1" = HS nocraHO lUHpoKOBeLqaT. cooBLqeHna 
■0" = yBCflOMJiCHHe RACH nocjisHO no FCH 
"1" = He nocnaHoyBeflOMJieHHSi RACH 
3rf3-ieHHe CRC pnft caobmenm BCH 
3a3epiuai0LL|we GiiTbi fl/ia csepTOHHoro KOAepa 
SapeaepBMpoaaHD fljis 6yflyinero wcnojibaoaaHMH 



SHaneHMe cnemMKa KaApoB MO}Ker Mcnorib30Barbc;i a^i^ CMHxpoHMsaMMi/i paariMHHbix 
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npoqeccoB b nyHKre flocryna m nonbsoBaienbCKnx lepMUHanax (HanpMMep, nMnoT-cMman, 
KOAbi CKpeMGnnpoBaHun, noKpbiBaiOLUMe KOAbi m t.a )■ CMexMMK kbapob Mo>KeT 6biTb pea/ii/iaoBaH 
B BMAe 4-6MTOBoro CMeiMMKa, KoiopbiCi cHHraeT L(MKJii/i4ecKM. 3tot cMemnK nonyMaer 
npupameHne b HaMane Ka>KAoro KaflpaflBP, m 3Ha^eHi/ie oieTHUKa BKntoMaerca b none CMemMKa 
KaflpoB. none CereBOM Mfl yKasbiBaer MfleHTiictJHKaTop (Hfl) cern, KoropoM npMHaAne>KMT nyHKT 
flocryna. Hone Hfl Flfl yKasbiBaeT l/lfl nyHKra flocxyna b cereBOM Mfl. rioJifl Vp flpivi flfl m Vp ripM 
nfl yKasbiBaiOT MaKCMwajibMbiCi ypoBSHb moiuhoctm nepefla^ii m >KenaTenbHbiM ypoBeHb 
MOLUHOCTM npneMa B nyHKTe flocxyna cooTBercTBeHHO. >KeJiaTenbHbiCi ypoBSHb moiuhoctm 
npneMa MO>KeT wcnonbaoBaTbcn nonbaoBarenbCKHM repiviMHanoM A^a onpefleneHUfl Ha^anbHOM 
MOLUHOCTM nepeAaHH BocxoflnineM jii/ihhm. 

rionsi fljinHa FCCH, flni/iHa FCH i/i flnwHa RCH yKaabisaiOT AJ^nHbi cerwieHTOB FCCH, FCH m 
RCH cooTBercTBeHHo p,na leKymero KaApa flBP. flnnHbi 3tmx cerMeHTOB aaAaiOTcn b eAUHimax 
CMMBonoB MOPM. fljiMTenbHOCTb cuMBona MOPH Ana BCH ycraHOBJieHa KaK4,0 mkc. 
flriMTenbHocTb cuMsona MOPM p,na Bcex ocranbHbix TpaHcnopiHbix KaHanoB (i.e. FCCH, FCH, 
RACH i/i RCH) flsnaeTCfl nepeMSHHOM n aaBucuT ox Bbi6paHHoro i^nKJiMHecKoro npe($»MKca, 
KOTopbiM onpeAenaeTCfl no/ieM flnmenbHocTb L|MKJiMMecKoro npecjDMKca. Flone CKopocru FCCH 
yKasbiBaer CKopocib nepeAann, iicnonbayeMyio A^f FCCH p,nf] TeKymero KaApa flBP. 

□one fljiMHa RACH yKaabiBaeTflniiHy cerweHTa RACH, KOTopaa aaAaeicn b ep,v\Hv\i\ax 
MHTepBanoB RACH. flnnTe/ibHOCTb Ka>Kfloro MHTepsa/ia FJACH aaAaercs noneM Paaiviep 
MHTepsana RACH b eAUHHLiax CMMBonoB MOPM. Flone OxpaHHbiM nHTepsan RACH yKaabisaer 
BeniiHMHy epeMeHM Me)KAy nocjieflHHM nHTepsanoM RACH i/i HananoM cerMeHia BCH fljin 
cjieAyiOLnero KaApa flBP. 3tm paannHHbie nona Ana RACH 6onee noAPo6HO onwcaHbi HM>Ke. 

But noMCKOBoro Bbisosa n 6ht lUMpoKOBeiAaTejibHofi nepeAani/i yKasbisaiOT, nepeAaHbi hm b 
leKymeM KaApe flBP na FCH coo6meHMfl noHCKoeoro Bbiaosa m uiHpoKOBemaTenbHbie 
coo6LAeHMfl. 3tm Asa 6v\ja Moryr ycraHaBJinBaTbCfl HeaaBMCiiMO Ana Ka>KAoro KaApa flBP. Bmt 
yBeAOMjieHMfl RACH yKasbiBaer, nepeAaHbi m no Kanany FCCH b leKyiAeM KaApe flBP 
yBeAOMJieHMfl fi^a FlBfl, nepeAaHHbix no Kanany RACH b npeAbiAyiAi^x KaApaxflBP. 

Flone CRC BKntoHaei b ce6n aHaneHne CRC (L;MKni/iHecKoro KOAa) p,nR ecero coo6Li^eHMfl BCH. 
3to SHaneHi/ie CRC M0>KeT ncnonbSOBaTbcn nonbSOBarenbCKHMM TepMMHanaMM Ann 
onpeAeneHMfi, AeKOAnposaHO nn coo6ineHi/ie BCH KOHKpeTHbiM o6pa30M (i.e. xopoiuo) mhm c 
cluuBkom (T.e. crepTO). fiojie 3aBepiijaioi4Me 6HTbi BitniOHaeT b ce6fl rpynny Hynefi, 
Mcnonbayewbix A^n c6poca CBeproHHoro KOAepa b i/iasecTHoe oocTOflHi/ie b KOHL;e cooGineHna 
BCH. 

KaK noKaaaHO b Ta6nMMe 5, coo6i4eHMe BCH BuniOHaeT b ce6n b i^enoM 120 6mtob. 3tm 120 
611TOB MOryr nepeAasaTbcn CMMBOnaiviM MOPH c MCnojibSOBaHiieM o6pa6oTKM, 6ojiee nOApo6HO 
onucaHHoPi HM>Ke. 

Ta6jiMLia 5 nOKasbiBaej KOHKpeTHbiii sapHaHT ocymecTBJieHiin cpopMara a-hsi coo6LAeHMn 
BCH. Moryr raioKe onpeAenaTbCsq m ncnonbaoBaTbcn MHbie cfJOpMaTbi cooeineHkia BCH c 
MSHbiuuM HMCnOM nonew, flonojiHUTenbHbiMM m (mhii) ApyrmviM nonniviM, v\ 3to bxoamt b o5-beM 
M3o6peTeHMa. 

2. FlpnMOii KaHan ynpaBneHMfl (FCCH) - HMCXOAflu^afi nnHMn 

B BapnaHie ocyinecTBneHMn nyHKT Aocryna cnoco6eH BbiAennxb pecypcbi ann FCH (npAMOro 
Kanana) m RCH (o6paTHOro Kanana) na nOKaApOBOii ochobs. FCCH MCnonbsyeTCn nyHKTOM 
Aocrynaflnn nepeAanM pacnpOAeneHMn pecypcoB Ann FCH m RCH (i.e. Ha3HaHeHMfl KaHanOB). 

cDwrSB i/inmocTpi/ipyeT sapiiaHT ocyiMecTBneHim FlBfl 420 FCCH. B stom BapwaHTe 
ocyinecTBneHHn FlBfl FCCH BKmOHaer b ce6n TOnbKO sacTb 520 flnn coo6LAeHHn FCCH. 
Coo5meHMe FCCH MMeer nepeMeHHyio AJ^MTenbH0CTb, Koropaa mokst MeHATbcn or KaApa k 
KaApy B saBMCMMCCTM OT BenMMUHbi MHCjDOpMaL^MM nnaHHpOBaHMH , nepeHOCMMOM no Kanany 
FCCH Ana 3Toro KaApa. flnnTenbH0CTb cooSmeHUFi FCCH paBHa MexHOMy Mi/icny cmviBonoB 
MOPM v\ saAaercn noneivi flnnHa FCCH b coo6ii^eHni/i BCH. flnmenbHOCTb coo6LAeHMM, 
nepeAaHHbix c McnonbsoBaHneM pe>KHMa pasHeceHi/ifl (Hanprnuiep, coo6ineHMii BCH m FCCH) 
saAaercfl b HexHOM Hkicne cuMBonoB MOPM, norOMy hto pejKiiM paaHeceHwn nepeAaer cmviBOnbi 
MOPM napawM, KaK onMcaHo Hi/i}Ke. 

B BapMaHTe ocyi^ecTBneHiia FCCH M0}KeT nepeAaBaibca c McnonbsoBaHiieM ^erbipex 
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B03Mo>KHbix cKopocTeM nepeflaMM. KoHKpeTHaa cKopocTb nepeflaMii, McnonbayeMaa flnn riBfl 
FCCH B Ka>KflOM KaflpeflBP, yKaabmaercfl nojieM PHY Pe>KMM FCCH cooSmeHMM BCH. Ka>Kflafl 
CKopocTb nepeAa^H FCCH cooTBeTCTByer KOHKperHOM koaobom ckopoctm h KOHKperHOM cxeiwe 
MQflynniJiHH w accotimipyeTCfl flanee c KOHKpeTHbiM pe>KMMOM nepeflaHn, kbk noKaaaHo b 
Ta6nMLie 26. 

Coo5iMeHMe FCCH Mo>KeT BKJiKj^arb b ce6n Honb, oa^h v\nvi MHo>KecTBo i/iHct3opMai^MOHHbix 
aneMeHTOB (M3) (IE). Ka>KAbiM MHctjopMaL|MOHHbiPi sjieweHT Mo>KeT 6biTb accoi^m/ipoBaH c 
KOHKpeTHbiM noJibsoBBTenbCKHM TepMMHaJiOM M Mo>KeT Mcnonb30BaTbcn flJin o6ecne4eHHfl 
MHc|jopMaLiMn, yKasbiBaioineM HasHaMenne pecypcos FCH/RCH flna aioro nonbsoBarenbCKoro 
TepMMHana. Ta6nima 6 nepe^ncnfler paann^Hbie nonn flnn nprnviepHoro cjjopMara coo6ineHMa 
FCCH. 

Tae;iMi4a 6 



Ha3BaHH!i noneii/ napau 


TpoB flnwHa (5ht) 


OnMcaHMS 


N_H3 




Hmcjio 1/13, BKnioHeHHbix B cooSLneHMe FCCH 






bie anewieHTbi N_M3, Kainffbifi iis Koiopbix BHimaeT 


Tun H3 




Twn H3 


MflVAC 


10 


Hfl, Ha3HaMeHHbiiS nonbaoEaTejibCK. TepiMHHary 


no/in ynpasneH tin 


48 urn 72 


rionfl ynpaaneHrtSflns HasHaneHiia KaHanoB 


3ano;iHs?ioi4kie BuTtj 




BHTbi aanojiHeHWfiflnfl flocTMji(eHHfl 4eTHoro MHcna 


CRC 


16 


SHaieHwe CRC Ana coo6ii4eHMfl FCCH 


SaBepuiaioii^He 6mbi 


6 


3aBepiuaioinne 5nTbi fljia CBepT04Horo icoflepa 



riore N_M3 yKasbiBaer HMCno MHCjDopMaLjHOHHbixsneMeHTOB, BKntoneHMbix b coo6ineHMe 
FCCH, nocjiaHHoe b reKymeivi KaApe flSP. flnn Ka>Kfloro MHC|50pMaL(MOHHOro aneivieHTa (H3) (IE), 
BKnKDHeHHOro B coo6ineHi/ie FCCH, none Tun M3 yKasbiBaer KOHKpeTHbm run aroro H3, Hwcno 
TunOB M3 onpeAenaerca Ana ncnonbSOBaHna, HTo6bi BbiAennib pecypcbi A^ia pashbixTMnOB 
nepeAan, KaKOni/icahO HM>Ke. 

□one Hfl yflC MAeHTMCtJuqupyei KOHKpeTHbiM nonbaoBajenbCKUM lepMUHan, A-na KOTOporo 
npeAHasHanen MHCjJOpMai^nOHHbiM aneivieHT. Ka>KAbiM nonbSOBaTenbCKUM TepMMHan 
pemcTpi/ipyeTCfl nynKJOM AOCTyna b Ha^ane ceaHca CBaw, v\ nynKT Aocryna HasHaHaer eMy 
yHMKajibHbiii Hfl YflC. 3tot l/lfl YflC HCnonbsyeTCn, HTo6bi i/iAeHTnc|DimnpOBaTb 
nonbsoBareribCKi/iM repMi/iHan b npoifecce ceanca. 

rionn ynpaBnehiin i/icnonbsyiOTCfl Ann nepeAanki MHClsopMai^Mii HasHaHeHiifl KananOB ana 
nonbsoBareribCKoro repMMHana m 6oJiee noApo^Ho oni/icaHbi HM}Ke. flojie 6mtob 3anojiHeHMn 
yKasbiBaer AOCTarOHHoe Hucno sanojiHatoinnx 6mtob, htoSw o6iAan Annna coo5LAeHMn FCCH 
6bina paBHa MerHOMy Mwcny chmbodob MOPM. flone CRC FCCH BKmoHaer b ceGn aHaneHMe 
CRC, KOTOpoe MO>KeT 6biTb MCnonb3CBaHO nonbSOBaTenbCKMMM repMUHajiaMn, HTo6bi 
onpeAenwTb, ASKOAMpoBaHo nw cooSiAeHMe FCCH npaBi/inbHo nnn c oluhSkom. flone 
saBepmaKjiAHx 6mtob BKntonaeT b ce6a Hynii A^n c5poca CBeproHHoro KOAspa b naBecxHoe 
cocTOflHwe B KOHne coo5LAeHMfl FCCH. HeKoropbie m3 3tiix nonefi 6onee noApo6Ho onucaHbi 
Hii>Ke. 

PhA pe>KmvioB nepeAanw noAAep>KHBaeTCfl CHcreMofi BJIBC MBxMBbix Ann FCH m RCH, kbk 
yKa3aHo b Ta6niiL|e 1 . KpoMe Toro, nonb30BaTenbCKiiM TepMMHan Moxer 6biTb aKTMBHbiM mjim 
HaxoAMTca B pe>KMMe OKMAaHMa B npoL^ecce coeAi^HeHMa. Tskmm o6pa30M, paATMnoB 1/13 
onpeAeneHbi p^r\ McnojibsoBahMa npM pacnpeAeneHMM pecypcoB FCH/RCH Ana pa3nMHHbix 
TMnoB nepeAan. B Ta6nML(e 7 nepenMcnen npMMepHbifi naSop tmhob 1/13. 

THHbl H3 FCCH 



Pe>KHivi npocTpaHCTBeHHoro 
MyjibTHnneKcupoBaHHn 
CBo6oAHbiH pexHM 
VBeflOMJieHMe RACH 
PewMM ynpaEneHMB jiynoM 



PewwM npocTpaHCTseHHoro iwyjibTHn/ieKcwpoBaHMfl - ycjiy™ nepeh/ieHHoPi 

CKOpOCTH 

CBoeoflHbiH peiKHM - ycnym nepaMSHHOH CKopocTM 
yaeflOMneHMe RACH - pewuM pasHeceHMn 
PewMM ynpasjieHwa jiynoM 
SapeaepskipoBaHO una 6y/^yi4em ucnanb^asaHm 
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fljifl TunoB H3 0, 1 M 4 pecypcbi BbiflenatoTca KONKpeTHOMynonbaoBarenbCKOMy repMUHany 
KaK Ana FCH, raK m flna RCH (r.e. b nape KananoB). Hna M3 Tuna 2 MMHMManbHbie pecypcbi 
BbiflenflKjTCfl nonbaoBarenbCKOMy TepMMHany b KBHanax FCH m RCH, HTo5bi coxpaHflTb 
oSHOBfieHHyio OLieHKy nMHMH. flpHMepHbiPi ctiopMarA-na Ka>KfloroTMna \A3 onMcaH HM>Ke. B 
oSineM cnynae CKopoc™ nepeAann m AJnuienbHOCTH fljin FCH m RCH Moryr 5biTb HaaHaneHbi 
nonbaoBarenbCKkiM repMUHanaM HeaaeMCMivio, 

A. Tunbi M3 0, 4 - Pe>KiiM paaHeceHi/ia - ynpaBneHMa nynoM 

Twnbi 1/13 0 M 4 HcnoJibayKjTca flna BbifleJieHMH pecypcoB FCH/RCH flna pe>KMMOB pasHeceHMa 
II ynpaBJieHMR JiynoM cooTBercTBeHHO. ^nf\ ycjiyr c ct>MKCiipoBaHHbiMii hmski/imm CKopocraMM (k 
npuMepy, penesbix) CKopocib nepeflann ocraeTca 4)MKCiipoBaHHoCi b npoAon>KeHMe Bbiaoaa. flnn 
ycnyr c nepeweHMbiMn CKopocraMM nepeAani/i cKopocTb nepeAami Mo>KeT Bbi5npaTbca 
HeaaBMCMMO Ans FCH ii RCH. 1/13 FCCH yKasbiBaer iviecTonojio>KeHMe FlBfl b FCH i/i RCH, 
HasHaHeHHbix noJibaoBarenbCKOMy TepMMHany. B Taermqe 8 nepenwcneHbi paaJinHHbie nonsR 
npuMepHoro HHct)opMai4MOHHoro aneMeHia Tiina 0 i/i 4 1/13. 



Tmh 0 M 4 V\3 FCCH 



HaSHaHMsi muien/napaMeTpaa fljiiiH 

Tun M3 

CflBHrFCH 
Tun npeaMfiyjibi FCH 
CKopoCTb FCH 
C/jBkirRCH 
Tun npeaMfiyjibi RCH 
CKOpocTb RCH 
PeryjiHpoBKa cv 
VnpaBJieHvie m( 



Tun M3 



/ibCKBMyTepMHHajiy 
MOPH) 

MOPH) 



BpeivteHHiiiPi I'm, HasHaHSHh 
QoBiir FCH OT Hana/ia Kaapa ABP (i 
Paawep npeaM6yiibi FCH (b cumbd;! 
CKopocTb nepeABMH fl/ifl FCH 

CflBur RCH OT Hanana Kaapa flEP (b cuMBonax MOPM) 
Paaiviep npeaM6ynbi RCH (b ciiMBonax MOPM) 
CKopocTb nepeAaHM fl/is RCH 
napaMSTp perynMpoBKH 
BviTbi ynpaaneHtisi MoujHOCTbio 



Flora Cabmp FCH m RCH yKasbisaK)! speMeHHoii cflsi/ir or Hanana reKymero Kaflpa flBP p,n9\ 
v\mu,mpoBaHm ^\B^, KaHanoB FCH m RCH cooTBercTBeHHO, HaaHaneHHbix MHcjsopiviaqMOHHbiM 
aneMeHTOM. Fiona CKopocTb FCH m RCH yKasbiaaiOT CKopocri/i nepeflann flna FCH ii RCH, 

30 COOTBerCTBeHHO. 

Fiona Tun npeaM6ynbi FCH n RCH yKasbisaiOT paamep npeaM6ynbi b FlBfl Ana FCH m RCH 
COOTBerCTBeHHO. B Ta6nMqe 9 nepeHHcnenbi aHaneHna Ana nonew Tun npeaM6yjibi FCH n RCH 
M csaaaHHbie c hmmh paaiviepbi npeaMSynbi. 



35 



MOPH 
cuMBor MOPi-l 
CMMBO/ia MOPH 
MOPH 



□one PerynMpoBKa CMHxpoHM3aL|MM RCH BKnroHaer b ce6a abs Sura, ncnonbayeivibix Ana 
perynnpoBKM CMHxpoHH3aL(HM nepeAaHM eocxoAfiiMeM nnHnn or nonbaoBarenbCKoro Tepwuhana, 
MAeHTMC|DimMpoBaHHoro noneM l/lflyflC. Sra peryjinpoBKa CMHxpoHii3aL;mi Mcnonbsyerca Ana 
CHM>KeHiin noMex b crpyKType ocHOBaHHbix na flBP KaflpoB (laKnx kbk oamh, noKaaaHHbifi na 
c|DMr.3A), KOFAa nepeAann HHCxoflaiAew v\ BOCxoAaineM nnHufi aBnarorca flyn/ieKCHbiMM c 
BpewieNHbiM pasAeneHweM. B Ta6nML\e 10 nepenncneHbi SHaHehiiaflna nona PerynnpoBKa 
CMHxpoHnaaMMM R CH m accounnpoBaHHbie c hmmm AePicTBi/ia. 



rioA/iepxHBaTb TeKyu^yio CHHxpoHvisBi^viio 
FlpoaBUHyTb anepefl CHHxpoHkisaLjMio nepeda^n Bocxoflnu^eii m 
SaaepuLSit, cMHXpDHuaai^uio nepe^a'^u Bociiap,s\inelH nunm na 1 
He McnonbsyeTCfi 
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□one VnpaBneHMe MoiUHocTbio RCH BKntoMaer b ce6a flsa Sura, ncnonbsyeMbie p,n^] 
peryriMpoBKM moluhoctm nepeflaMM b nepeflaMe eocxoflHineM ni/iHUM or MfleHTMc|3MHMpoBaHHoro 
nonbaoBaxenbCKoro repMHHa/ia. 3to ynpasneHHe MoiUHocTbto McnonbayeTcn flna cHM>KeHMq 
noMex B BQCxoflflinefi jihhmm. B Ta6nHU|e 1 1 nepemicneHbi sHaMeHna fljia nona ynpaBJieHwe 

MQLUHOCTbK) RCH V\ aCCOmiMpOBaHHbie C HHMM fleMCTBMfl. 

Ta6;iMi4a 1 1 

VnpaBJieHHe MoinHOCTbio RCH 

EHTbi OnHcaHMe 

00 noAAepwwBiiTL TCKymyio cnHxpoHnaimmo 

01 yeenrnmb MoujHOCTb nepeflann Bocxoasnea /imhhh Ha (JaB, rae SnB fiBJifieTCfi CMcreMHUM napaMeipoM 

10 VMSHbiukiTb Moi^HOCTb nepeflaHH Bocxoiflfm4efl jiHHHM Ha ^oB, roe SaB nentieTcti cticTsiviHbiNi napaMerpou 

11 iHeMcnonbsyeTca 



HasHaneHne KananoB a/iji nfleHTuctiimMpoBaHHoro nonbaoBarejibCKoro repMUHana MOJKer 
6biTb o6ecneHeHO pa3JinHHbiMw nyraMw. B eapnaHre ocyiiiecTBneHun nonbaoBarenbCKOMy 
TepMMHany HasHanaiOTca pecypcbi FCH/RCH TonbKO flna TeKymero Kaflpa flBP, B flpyroM 
BapnaHie ocymecTBneHna pecypcbi FCH/RCH HasHaHaHDicn xepMHHariy A^a Ka>KAoro KaApa flBP 
AO Tex nop, noKa He nponaoMAeT OTMeHa, B eiiie oahom Bapi/iaHxe ocyLnecTBneHna pecypcbi 
FCH/RCH HasHaHatOTca nonbaoBaTenbCKOMy repMUHany p,na Ka)KAoro n-Horo KaApa flBP, hto 
ynoMUHaeicfl KaK nnaHnpoBaHne c AeMUMaqneM (npope)KMBaHHeM) KaAPOsflBP, PaannHHbie 
Tunbi HasHaHeHna Moryr yKaawBarbCfi no/ieivi Tun HasHaneHi/ia b MHctiopMaMHOHHOM aneivieHTe 
FCCH. 

B. Tun M3 1 - Pe>KiiM npocTpaHCTBeHHOro MynbTunjieKCiipOBaHMfl 
Tun H3 1 Mcnonbayercji flna BbiAeneHna pecypcoB FCH/RCH nojibSOBaTenbCKUM 
repMUHanaM c ncnonbscBaHneM pejKnwa npocTpaHCTBeHHoro MyjibTunneKCupoBaHna. CKopocTb 
nepeAaHM ana 3tmx nonbsoBaTenbCKuxTepMUHajiOB aansieTca nepewieHHOM m mokst 
Bbi6MpaTbca HeaaBMCMMO Ana FCH ki RCH. Ta6nm4a 12 nepeHncnaer pasnnHHbie nona 
nprnviep Horo HHctJopMaunoHHoro aneivieHTa Tuna 1/13 1 . 



Tun H3 

HflVflC 

CflEwr FCH 

Tinn npeauSyrbi FCH 

CuopocTb npocTpaHCTBeHHoro lOHa/ia 1 FCH 

CKOpocTh npocTpaHCTBeHHoro Kanajia 2 FCH 
CKopocTb npocTpaHCTBeHHoro Kanajia 3 FCH 
CKopocTb npocTpaHCTBeHHoro i(aHa;ia4 FCH 
CflBMr RCH 
Tun npeawSyrbiRCH 

CKopocTb npocTpaHCTBeHHoro ranajia 1 RCH 
CKopocTb npocTpaHCTBeHHoro Kana/ia 2 RCH 
CKopocTb npocTpaHCTBeHHoro icana/ia 3 RCH 
CKOpOCTb npocTpaHCTBGHHoro KaHB/ia4 RCH 

PeryjiMpoBica cMHxpoHM3aL|mi RCH 



Tun M3 

BpeMSHMbifiUfl. HasHB 
CflEHr FCH OT Havana 
PasMep npear.,6y/ib, F( 
CKopocTb nepeflann m 
CKOpOCTb nepeflaqw qj 
CKopocTb nepeflann m 
CuopocTb nepeflaMU qj 



la npOCTpaHCTBOHHO 

1!^ npocTpaHCTseHHO 
IS npocTpaHCTBeHHoro Kanajia 3 FCH 
iji npocTpaHCTBeHHoro Kanajia 4 FCH 
CflBMr RCH OT Ha4ara B^paflBF (a CHMOojiax MOPM) 
PasMep npeaweyTibi RCH (b cmuiBOTiax MOPH) 
CKopocTb nepefla^ti una npocTpaHCTBSHHoro Ka 
CKopocTb nepeaaHH ana npocTpancTBeHHono Ka 
CKopocTb nepeaaiH ana npocTpancTBeHHono Ka 
CKopocTb nepeaaHvi ana npocTpaHCTBSHHoro Ka 
riapaueTp pery/inpoBKM CMHxpoHiiaamiM ana RCH 
SapesepBHposaHO ^na 6yayii4ero nc 



Tun 1/13 1 FCCH 



ro Kanajia 1 FCH 
roKaHajia2FCH 



la 1 RCH 
la 2 RCH 
la 3 RCH 
IB 4 RCH 



flna Tuna H3 1 CKOpocTb nepeAaHM Ann Ka)KAOro npocTpaHCTeeHHOro Kanana MO>KeT 
Bbi6i/ipaTbCfl HeaaBiiCMMO Ha FCH i/i RCH. l/lHTepnpeTa^i/ifl CKopocreM nepeAaHii pj\!\ pe>KMMa 
npocTpaHCTBeHHoro MynbTHnneKCi/ipOBahMn coctomt, b o6ineM, b tom, mto ona MO>KeT 
onpeAenflTb CKopocib nepeAann na npocTpancTBeHNbiii Kana/i (nanpuMep, flnn 
npocTpaHCTBeHHbix KanajiOB HMCnOM ao nerbipex e sapnaHre ocyii;ecTBneHMn, nOKaaahhOM b 
Ta5nML(e 12). CKopocib nepeAaHM aaAaeicn kbk npMxoAsiinancfl na co6cTBeHHyio MOAy, ecnn 
nepeAaiHMK BbinonHner npocTpaHCTBeHHyro o6pa6oTKy atih nepeASHM ASHHbix na co6cTBeHHbix 
MOAax. CKopocTb nepeAaHM saAaeTcn na aHTenHy, ecjiM nepeAaTHHK npocTO nepeAaex AanHbie 
nepeAaiOLAMMH aHTeHHawiii, a npMewiHHKBbinonHneT npocTpaHCTBenHyio o6pa6oTKy, HTo6bi 
BbiAeriMTb M BOCcranOBMTb AaHHbie (Ann pexMMa npocTpaHCTBenHOro MyjibTMnneKCMpOBaHMn 
6e3 ynpaBfieHMH jiynOM). 
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l/lHct)opMaL|MOHHbiM 3neMeHT BKnioHaer b ce6n CKopocru nepeflaMn flna Bcex paapemeHMbix 
npocTpaHCTBeHHbix KaHanoB n Hyjiw -p^a He paapeiueHHbix. nonbaoBaienbCKMe repMHHanbi c 
wieHee msm Merbipbivin nepeflaioimiMH aHreHHaiviM ycraHaBni/iBaiOT HencnoiibayeMbie nona 
CKopocTM npocTpaHCTBeHHbix KaHanoB FCH/RCH b Hynb. FlocKorbKy nyHKT flocryna cHa6>KeH 
4eTbipbMfl nepeflaKJiuMMM/npneMHbiMM aHreHHaiviM, nonbsoBaTenbCKi/ie repwiMHanbi c So/iee mcm 
4eTbipbMfl nepeflaroiUMMii aHTeHHawin Moryr McnonbsoBaTb nxflna nepeflaMH HeaaBucaiMbix 

nOTOKOB flBHHblX MMCTIOM flO 4eTbipeX. 

C. Tun M3 2 - flejuypHbiM pexMM 

Tun M3 2 Hcnonbsyercn flnn o6ecne4eHMfl MHctJopMaMUM ynpasneHMfl fljiq nonbaoBarenbCKnx 
TepMMHanoB, fleMCTByiomi/ix b cocn^o?\Hv\]A /Jexypnofo pexuMa (onwcaHHoro HM>Ke). B Bapi/iaHie 
ocymecTBneHHfl, KorAa nonbsoBaTenbCKHPi lepMHHan HaxoflHTCs b cocronHHn JJe}KypHoro 
pexMMa, ynpaBJiflKJinne BeKTopbi, ncnonbayewbie nyHKTOM flocryna m noJibaoBarenbCKHM 
TepMMHanoM npocrpaHCTBeHHoPi o6pa6oTKn, HenpepbiBHO o5HOBJifliOTCfi laK, hto nepeAana 
AaHHbix Ma>KeT HaMMHaTbcn 6bicTpo, KorAa OHa BoaoGHOBnaeTCfl. B Ta6nm-|e 1 3 nepeMMcneHbi 
pasjiMHHbie n ona npuMepHoro nHdJopiviam/iOHHoro sjieivieHTa mna M3 2. 



Tun H3 

CflBMrFCH 

Tun npeaMfiynti FCH 

CflBHrRCH 

Tun npeaMfiyjibi RCH 



Tun H3 2 FCCH 



Tun M3 

BpernBHHiiM l/(fl, HasHa'HeHHUH nDJibaDBaTejibCKDMyTeprnHHary 
CflBur FCH or Hanana KaApa flBP (b CMMBonax MOPH) 
Paaivtep npeau6y;ibi FCH (b a/MBonax MOPM) 
C^Bur RCH or Hanana Kaapa flBP (b chmbd/ibx MOPH) 
Paatnep npeaM6yiibi RCH (B CMMBo;iax MOPH) 
SapesepsMpoBaHOfl/iB 6yflyinerQ ncno/ib3QBaHMfi 



D. Tmr H3 3 - BbiCTpoe yaeflOMneHMe RACH 

Tun 1/13 3 HcnonbsyeTcn, HToSbi o6ecne»HHTb 6bicTpoe yBeflOMneHwe pf\^ noJibaoBaTenbCKi/ix 
TepMMHanoB, nbiraiOLUMxcn nonyHHib flocryn k cHCTewie nepea RACH. HTo6bi nonyHiiTbflocTyn k 
CMcreMe i/ini/i nocnarb KopoTKoe coo6LAeHi/ie k nyHKTy Aocryna, nojibsoBarenbCKiiM repMiiHaJi 
MOKST nepeAaBaTb flB/^ RACH no BocxoA^iLi^eM ni/iHiii/i. flocJie Toro KaK nonb30BaTenbCKi/iM 
TepMMHan nocbmaer flBfl RACH, oh oTcnewiiBaeT BCH, »HTo6bi naMTi/i, ycTaHoaneH jih Qmt 
yBeAOMfieHMsq RACH, 3tot 6mt ycraHaennBaeTcn nyHKTOM Aocryna, ecriM KaKOM-niiSo 
nonbsoBarenbCKUM repiviHHan ycneiuHo nonyHun flocryn k cucreivie, h yBeAOwineHHe nocbinaeTcn 
flnn, no MehbiueM iviepe, OAHoro nojibsoBarejibCKoro TepMnnajia na FCCH. Ecnn stot 6i/it 
ycTanoBneH, to nonb30BaTenbCKMM TepiviwHan o5pa6aTbiBaeT FCCH A-nn yBeAOMneHMsi, 
nocjiaHHoro na FCCH. HHcfiopManMOHHbie 3neMeHTbi runa H3 3 nocbinatorca, ecnn nyHKT 
AOCTyna }KeJiaeT yaeAOMMTb, hto oh npaannbHo fleKOAnpoBan flBfl RACH ot nonbaosaTenbCKnx 
repMMHanoB 6e3 HasHaneHiifl pecypcoB. Ta6nML|a 14 nepeHncnaer pasHbie nona npi/iMephoro 
MHclJopMaMM OHHoro 3JieMeHTa TMna M3 3. 



Tun M3 4 Tun W3 

V\R VAC 1 0 BpeMSHHbM l/|n, HasHaHeHHbiCi no/ibaoBaiejibCKDiviy TepMHHary 

3ape3epBkipoBaHO 34 3ape3epB»ipoBaHOfl/in6ydyii4eroHcno/ib30BaHkin 

EAHHCTBeHHbifi HHM MHOJKecTBO THHOB yBeAOMJieHMJi Moryx onpeAenaibcn m nocbinaibca na 
FCCH. K npMMepy, Moryx 6biTb onpeAeJienbi Sbicipoe yBeAOMneHMe i/i ocHOBanHoe na 
HaaHaHeHMM yaeAOMJieHMe. BbiCTpoe yBeAOMneniie MOKerncnonbaoBaTbcsi, HTo6bi npocro 
yseAOMMTb, mto riBfl RACH npuHfiT nyHKxoM AOCTyna, ho mto nonbsoBaTenbCKOMy TepMMHany ne 
HaaHaneHbi HHKaKi/ie pecypcbi FCH/RCH. OcHoeaHHoe na HasHaHeHMi/i yBeAOMneHkie BKntOHaer b 
ce6a HaanaMeHi/ia flna FCH m (huh) RCH p,nn TeKymero Kaflpa flBP. 

FCCH MOKCT BonnoLnaTbca APyrnMw Gnoco6aMM m MOKCTTaioKe nepeAaBaTbC3 paanMHHbiMH 
nyTaMH. B oahom BapwaHTe ocymecTsneHna FCCH nepeAaeTcn na eAMHCTBeHHofi ckopoctm 
nepeAa4H, Koropafl CMmaniiaHpyeTCfl b coo6iAeHMM BCH. Sia CKopocTb MO>KeT Bbi6MpaTbca, 
nanpMMep, na ocHOBaHMM caMoro HMSKoro oiHOLueHMi^ ckimaji/LuyM-M-noMexa (C/LU) (SNR) Bcex 
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nonbaoBarenbCKnx repMUHariOB, p,na Koropbix b reKymeM KaApe flBP nocbinaerca FCCH. 
PasHbie CKopocTM nepeflaMM Moryr McnonbaoBarbca fljin paanwMHbix KaflpoBflBP b aaBMcuMocTM 
OTycnoBUM KaHana npi/iHMMaramMx nonbaoBareJibCKi/ix TepMHHanoB b Ka>KflOM Kaflpe flBP. 

B flpyroM BapnaHTe ocymecTBJieHna FCCH Bonjiomaercfl co MHo>KecTBOM (k npniviepy, 
4eTbipbMfl) noflKaHanoB FCCH. Ka}KflbiM noflKaHan FCCH nepeflaercn Ha otjimmhom ckopoctm m 
acconMHpyeTcn c oTJiii^HbiM Tpe6yeMbiM C/UJ A^f BoccraHOBneHMq aroro noflKaHana. 
□oflKaHanbi FCCH nepeAaiOTcn no nopnflKy or HanHMsiueM ckopoctm k HaMBbicmeM cKopocrw 
nepeAa'^M- KaJKAbiw noflKaHaJi FCCH wioKer nepeAaBaxbcn hhh He nepeAasaTbcn b saAanHOM 
KaApeflBP. flepabiM noAKanan FCCH (cHaMHM3iueM CKopocTbK) nepeAaMn) nepeAaerca nepsbiM 
M Mo>KeT npuHMMaibCfl BceMM noJib30BaTenbCKMMM TepiviMHanaMM. 3tot noAKaHan FCCH 
yKasbiBaer, 6yfleT nn nepeAaBarbCJi b reKymeivi Kaflpe flBP Ka>KAbm m ocTanbHbix noAKananoB 
FCCH. Ka>KAbiM nonbsoBarenbCKHM repMUHari ivio>KeT o6pa6aTbiBaTb nepeAanHbie noAKananbi 
FCCH, HTo6bi nonyHMTb cbom MHc|DopMai4MOHHbiH 3neMeHT FCCH. Ka>KAbiM nonbsoBaTenbCKHw 
TepMMHan Mo>KeT saBepiuMTb o6pa6oTKy FCCH, ecnn npoMcxoAUT cneAyiomee: (1) oiKaa 
AeKOAwpoBaTb TeKymuM noAKaHan FCCH, (2) npMeM CBoero HHcjDopMai^MOHHoro 3neMeHTa FCCH 
B TeKymeM noAKaHane FCCH unn (3) Bce nepeAaHHbie noAKaHaribi FCCH o6pa6oTaHbi. 
nonb30BaTe;ibCKMki repMMHaji mtokst aaeepLuaTb o5pa6oTKy FCCH, KaK lOJibKO oh cianKHBaeTCfl 
coTKaaoM fleKOAMpoBaib FCCH, noroMy mto noAKaHanbi FCCH nepeAarorcn c HapacTaroiuMMM 
CKopocTflMM nepeAaHM i/i ManoBepojiTHO, HTo6bi nojibaoBarenbCKMPi repMHHa/i CMor 
fleKOAnpoBaTb nocneflyK)i4Me noAKaHa/ibi FCCH, nepeAaHHbie na 6onee bncoki/ix ckopoctax 
nepeAaHM. 

3. KaHan cnynaMHoro flocTyna (RACH) - Bocxoflamaa nnHna 

RACH MonojibsyeTcn nojib30BaTenbCKiiMM TepMnnanaMH aj^a nonyHeHHjq Aocryna k CMcreMe m 
nepeAaHM kopotkmx coo6iAeHMM k nyHKiy AOcryna. PaGora RACH 6a3MpyeTCfl na 
cerMeHTupoBaHHOM nporoKone cnyHaCiHoroAOOTyna Aloha, KoropbiPi oniicaH HH>Ke. 

<t»Mr.5C unmocTpupyeT aapnaHT ocyLAeoTsneHMn flBfl 450 RACH. B 3tom sapHaHTe 
ocyiAecTBJieHMJi FlBfl RACH BKntOHaei b ceSa nacTb 552 npeaM6ynbi v\ nacTb 554 coo5a\eHMJi, 
MacTb 552 npeaM6yjibi MO)KeT ncnonbaoBarbCfl a^Ji nepeAann ynpaB/ineMoro aranoHa (i.e. 
ynpaBJineMbifi nHnOT-CHman), ecni/i nonbaoBaxenbCKHM repwiMHaji CHa6)KeH MHO>KecTBOM aHreHH. 
VnpaBJiJieMbifi aranon nejiJieTCfl nmiOT-CMmanoM, cocTonu^MM na Ha6opa cuMBonoB MOAynfli^MM, 
KOTOpbiii nOABepraercn npccTpahCTBeHHOM o6pa6oTKe nepeA nepeAaneki no BOCxOA^LAeM niiHMM. 
npocrpaHCTBeHHan o6pa6oTKa nosBonneT ni/inoT-CMrHany nepeAaBaibOfl Ha KOHKperHOM 
co6cTBeHHOM MOAS KSHana MBxMBbix. 06pa6oTKa p^fi ynpaajifieMOro aranOHa 6onee nOApo6HO 
onucana HM>Ke. MacTb 552 npeawiGynbi i/iMeer c|)MKCMpoBaHHyK) AnmejibHOCTb m, no ivieHbiueM 
Mepe, 2 CMMBonoB MOPM, MacTb 554 coo6LAeHMn hecer coo6LneHne RACH v\ nivieeT 
nepeMeHHyKD A^nrenbHOCTb. fljinTenbhOCTb FlBfl RACH flBnaeicfl, raKnivi oGpaaoM, 
nepeivieHHOM. 

B BapMaHTe ccyLAecTBJieHna A^a RACH nOAAep>*<nBa[OTCn nexbipe paannHHbix CKOpocTM 
nepeAaHM. KoHKpejHaa CKOpocib, MCnonbayeiviaH a^h Ka>KAOro coo6LneHMa RACH, yKasbiBaerca 

AByx6MT0BblM MHAMKaTOpOM CKOpOCTM ASHNblX (HCfl) (DRI) RACH, KOTOpbIM BCTpaHBaeTCH B 

nacTb npeaM6yjibi FlBfl RACH, kbk nOKaaaHO Ha dpm.bC. B BapnaHxe ccymecTBneHMa Ana RACH 
laioKe nOAAep)KMBaK)TCn nerbipe paanMHHbix pasMepa coo6iAeHMn. Paawep coo6LneHHfl RACH 
yKasbiaaercn noneM flnMrenbHOCTb coo6LAeHMn, BKniOHeHHbiM b coo6LAeHMe RACH. Ka>KAaa 
CKOpocTb nepeAaHM RACH nOAAep>KMBaeT 1 , 2, 3 mdm 4 paaiviepa cco6L^eHMn. B TadriMi^e 15 
nepeHMcneHbi nerbipe ckopoctm nepeAaHM RACH, cBasaHHbie c hmmm napaMerpbi KOA^poBaHMa m 
MOAynni^MM m pasiviepbi coo6iAeHMfl, noflAep?KMBaeMbie stmmm CKOpocraMM RACH. 



768 6nT0E 



CKOpoCTH nepe/iaHH RACH PaSMepbi cooeu^eHviji RACH (b ei/irax ii ci/iMBo;iax MOPH) 
But b ceK/ri4 CKOpoCTb KOaa MOflynai^nH HCfl 96 5htob 1 92 6ma 384 Sma 
0,25 0,25 BPSK (1,1) 8 
0,5 0.5 BPSK (1,-1) 4 8 
1 0,5 QPSK (-1,1) 2 4 8 
2 05 16 QAM (-1,-1) 1 2 4 



Coo6iMeHMe RACH coAep>KMT KopoTKMe coo5iAeHMJi m aanpocbi flocryna ot 
nonbaoBarenbCKoro TepMMHBJia. BiaSnMLie 16 nepeHMcnsHhi paanMHHbie no/in npMMepHoro 
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ct^opMara coo6i4eHMn RACH m paaiviep Ka>K|qoro noJin p,na Ka}Kfloro h3 Merbipex paannMHbix 
pasMepoB c oo6meHMa. 



At MTejibHOCTb cooGu^eH 
Tun nBfl MAC 



riDJiesHas Harpy3Ka 
CRC 



flnMTe/ihH0CTbcoo6LneHMfl 
Tun coo6ineHMSi RACH 
HflVAC 



l1H<tlOpMa^. 6«Thl 

3Ha4eHHe CRCflns coQ6i^eHMS RACH 
SasepLijaiomMe 6MTbi 



none fljimejibHOCTb coo6ineHMn yKaabieaei paaiviep coo6ineHMa RACH. Hone Tun FlBfl MAC 
yKasbiBaer run cooSmeHiin RACH. flo/ie Mfl YflC coflep)KMT Hfl YflC, KoropbiH efliiHCTBeHHbiM 
o6pa30M MAeHTMc|:ni4MpyeTnonb30BaTejibCKMM Tepwii/iHan, nocbiJiaromnM coo6meHMe RACH, Bo 
Bpeiviq HananbHoro flocryna k CkicreMe yHMKanbHbiM Hfl YflC He HasHaneH nonbSOBarenbCKOMy 
repMUHany. B 3tom cnynae perMCTpaL(na Mfl YflC (k npmviepy, KOHKpejHoe aHaneHne, 
sapeaepBMpoBaHHoe L\enev\ perncTpai^MM) MO>KeT 6biTb emiKDHeHa b none Hfl YflC. flone Mfl 
MHTepBana yKasbieaer ynpaBJiawLUMM HHjepBan RACH, Ha KOTopoM 6bm nocnan flBfl RACH 
(cHHxpoHnaai^na m nepeAana RACH onHCbiBaeicfl HM>Ke), Hone rionesHaa narpysKa BKrironaeT b 
ce6a MHCt]opMaL|MOHHbie 6MTbi aji3 coo6ineHM5R RACH, flone CRC C0Aep)KiiT ShaHeHkie CRC flna 
coo6L4eHMfl RACH, a none SaBepmaHDinne 6nTbi Hcnonbsyerca Ana c6poca ceepTOHHoro KOAepa 
flna RACH, Pa6oTa RACH coBMecTHO c BCH m FCCH pj\9\ flocryna k CMCTeivie 6onee noApo6HO 
onMcana HM>Ke, 

RACH Tame MO>KeT Qbiib peaniiaoBaH kbk "6bicTpbiM" RACH (F-RACH) m "MeAneHHbiPi" RACH 
(S-RACH). F-RACH m S-RACH Moryr 6biTb cnpoeKTupoBaHbi flna 3(})cjDeKTMBH0Pi noflflep>KKM 
nonbsoBareJibCKi/ix TepwinHanoB b pa3JiM4Hbix pa6oHMX cocrosiHi/iflx. HanpuMep, F-RACH MOJKer 
McnonbaoBaTbca nonbsoBaTejibCKHMn TepMMHanaMM, Koropbie (1) aaperncTpupoBaHbi cucieMOM, 
(2) Moryr KoivineHci/ipoBaTb nx 3aflep}KKM M3-3a noflTBep}KAeHMfl npneivia (Sfin) (RTD) nyreivi 
Heo6xoAMMoro CMeu^eHun snepeA CMHxpoHki3aL4MM nx nepeAan m (3) AOCTHrnn ipeOyeMoro C/LU 
flna pa6oTbi na F-RACH. S-RACH MO>i<eT McnonbaoBarbca nonb30BaTenbCKMMM TepMnnanaMU, 
KOTopbie He Moryr no KaKmvi-nM6o npHHUHaw ncnonbaoBarb F-RACH, 

flnn F-RACH m S-RACH Moryi 6biTb ncnonbsoBaHbi pa3nMMHbie pemeHna flna oSnerHeHnq 
GbicTporo flocTyna k cucTewe b nK)6oe apeMa i/i MMHiiMM3aMMM KOJiMHecTBa pecypcoB cucieMbi, 
Heo6xofli/iMbix flna peannsaMMH cnynaMHorofloCTyna. Hanpuwep, F-RACH MO>KeT i/icnoJib30BaTb 
6onee kopotkmm FlBfl, npuwieHaTb 6onee cna6yio cxewiy KOflMposaHna, TpeSoaaTb, HTo6bi FlBfl 
nocrynaJiM npM6nM3i/iTeJibHO comacoBaHHbiMn no BpeMenii BnyHKiflociyna, m ncnonbsosaTb 
cerMeHTupoBaHHyK) cxewy cnyHaCiHoro flocryna Aloha, S-RACH M0>KeT ncnonbsosaTb 6onee 
flnnHHbifi riBfl, nprnvieHaTb 6onee cunbHyK) cxewiy KOflnpoBaHna, nosBonaib FlBfl S-RACH 
nocTynaib b nyHKT flocryna He coBMeineNHbiMn bo BpewieHM m iicnonb30BaTb 
HecerMeHTupoBaHHyK) cxeiviy cnyHaMHoro flocryna Aloha. 

flna npocrorbi HM>KecneAyKDLAee ORHcaHne npeflnonaraer, nro flna CMCieMbi BflBC MBxMBbix 
MCnonbsyerca eflMHCrBeHHbiii Kanan RACH. 

4. Flpaivioii Kanan (FCH) - HMCxoflamaa nwHua 

FCH ncnonbSyerCH nyHKTOM flOCryna, MroSbi nepeflaearb cnenncjDMHHbie nonbaoearenbCKne 
flaHHbie KOHKpeTHOMy nonbaoBarenbCKOMy repMi/inany v\ cooSifleHUfl noncKOBoro 
Bbiaoea/LUMpOKOBeiflarenbHbie cooSmeHna MHOKecrey nonbaoBarenbCKHxrepMnHanOB. FCH 
Mo>Ker raioKe McnoJibaosaTbca flna nepeflaHM nimor-CMrHaJia k nonbaoaarenbCKHM repMi/iHanaM. 
FCH MO>Ker BbiflsnnrbCfl na noKaflpOBOii ocHOBe. OOecneHMBaerca pafl mnoB FlBfl FCH c 
yneTOM pa3nMHHbix npuMeheHUM Kanana FCH, B Ta6nMMe 17 nepeHncneH Ha6op mnoB FlBfl 
FCH. 



n TMnnEflFCH OnHCaHue 
To/ibKO coa6iMeHtie lUHpDKOBeujaTe;ibHDe/coo6ii4eHkie noMCKOBoro Bb 
CQoSineHiie m npeaM6y;ia|cQo6ineHMe rorbSoeaTe/ifl FCH 
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1^2 TojibKO npeaMfiyjia |cDCToaHne OmjgawfflFCH j 

Tun 0 riBfl FCH Hcnojibayercn p^f\ nepep,a'Av\ noMCKOBbie/iuMpoKOBeinaTenbHbie coodmeHna m 
nojibsoBaTenbCKne coo6LneHMa/naKeTbi hb FCH m BKHronaeT b ce6a TonbKO coo6LneHMa/naKeTbi. 
(flBHHbie a™ KOHKpeTHoro nonbaoBarenbCKoro TepMMHana Moryr 6biTb nocjiaHbi B KanecTBe 
coo6meHMfl i/iJiM naKeia, m 3ti/i Asa repMnna McnonbsyiOTca 3Aecb BsanMoaaivieHaeMbiM 
o6pa30M). Ti/in 1 flBfl FCH ncnojibayeTcn An3 nepeAann nonbsoBarenbCKi/ix naKeroB m BKniOHaeT 
B ce6?i npeaM6yjiy. Tun 2 FlBfl FCH BKmoHaer a ce6a TonbKO npeaM6yny, He Hwieer 
coo6i4eHMfl/naKeTa h ceaaaH c rpacfiMKOM FCH e coctohhhm Oximanpifi. 

0Mr.5D unjirocrpupyeT sapnaHT ocymecTBneHiia FlBfl 430a FCH flna Tuna 0 FlBfl FCH. B 
flaHHOM BapnaHTe ocymecTBneHiia FlBfl 430a FCH BKJiiOHaeT b ce6a TonbKO nacrb 534a 
cooSmeHMJi Ann noncKOBoro/LunpoKOBeinaTenbHoro coaQxnenm v\nv\ nonbaoBarejibCKoro naKera. 
CooGineHne/naKer Moryi HMSTb nepeivieHHyio flnnHy, KOTopan aaAaeica nonen flnnHa 
cooSmeHMn FCH b FlBfl FCH. flnnna coo6uJieHMn aaAaeica iienbiM hmcjiom KaflpoB PHY 
(onucaHHbix HHJKe). CKopocTb M pe)KMM nepeAaHM Ana cooSmeHna noncKOBoro 
Bbi30Ba/LUMpoKOBei4aTeJibHoro coo6i4eHMfl onpeAeneHbi m onucaHbi Hv\>Ke. CKopocTb m pe>KHM 
nepeAaHM Ana nonbSOBarenbCKoro naKera onpeAeneHbi b accoL(Mi/ipoBaHHOM nHcjDopMaLiMOHHOM 
anewieHTe KaHana FCCH. 

0Mr.5E nnnK)CTpMpyeT sapnaHT ocyinecTeneHna FlBfl 430b FCH Ana Tuna 1 FlBfl FCH. B 
3T0M BapnaHie ocyLnecTBneHna FlBfl 430b FCH BKJiioHaeT b ceSfl nacTb 532b npeaM5ynbi m 
nacTb 534b coo6L4eHMfl/naKeTa. HacTb 532b npeaiviBynbi Mcnonbayerca Ana nepeAaHM nunoT- 
curHana MBxMBbix nnn ynpasnaeMoro aianoHa m HMeer nepeivieHHyio Annny, KOTopaa 
onpsAenaeTca nonewi Tun npeaM6ynbi FCH b accoL\MMpoBaHHOM iiHCt)opMaL(noHHOivi sneivieHTe 
KaHana FCCH. MacTb 534b ncnonbayerca p,ni\ nepeAann naKera FCH m raKJKe i/iMeer 
nepeweHHyio flni/iHy (b qenoM Hucne kbapob PHY), Koropasi onpeflenaercfl nonewi flnnha 
coo6i4eHiia FCH b FlBfl FCH. FlaKei FCH nepeAaerca c Mcnonb30BaHi/ieM CKopocru m pe>KMMa 
nepeAaHM, onpeAenaeMbix accoLinnpoBaHbiM MHc|DopMaL(HOHHbiM3neMeHTOM KaHana FCCH. 

ct)Mr.5F unnKjcTpMpyer BapnaHx ocymecTsneHna FlBfl 430c FCH flna Tuna 2 FlBfl FCH. B 
3T0M BapnaHie ocymecTBrieHna FlBfl 430c FCH BKmonaer b ce5a TonbKO MacTb 532c npeaM6ynbi 
M He MMeeT nacTU coo5ineHMa, flnwHa nacTM npeaM6ynbi yKaawBaerca nocpeACTBOM \A3 FCCH, 
Tun 2 FlBfl FCH MO>KeT ucnonbsoBaTbca Ana o6ecneMeHMa bo3mo>khoctm nonbsoBarenbCKOMy 
TepMMHany o6HOBnaTb cboio oi4eHKy Kanana b cocToaHUM OPK^qaHne. 

FlpeAycMOTpeHo HecKonbKo throb cooOLneHna FCCH cyMeroM paannMHbix McnonbsoBaHMM 
Kanana FCH. B TaSntme 18 nepeHMcnen nprnviepHbiii naGop riinoB coo6i4eHMH FCH. 

TaEjiHi^a 18 

TMnu coo6ll^eH^l^i FCH 

Tun HEfl FCH 

0 CoD6L^eH^le nowcKOBoro Bbiaosa CooSu^eHwe nowcKoaoro abi30Ba - pewwM pasHeoeHMSi, ci<opocTb=0,25 Sm b ceitfrL| 
UJupoKOBeu^aTejibHoa coofii^eHHe - p&xim pasneceHMfi, CKOp.=0,25 Stir b ose/Tl^ 



2 nojihaoBaTenbCKHflnaKeT 



ra Bbij^ejieHHom uaHa/ia - cneL^u4>tiMHhifl pflp, nojii>soBaTe;ibCKoro TepMUHa;ia riE^, CKopocTb onpe^ene^a 
SapaaapBHpoBaHhi pj\a fiyflymerp HcnojihSQBaHUH 



CooBiAeHne noi/iCKOBoro ebisosa ivio>KeT McnonbSoeaTbca Ana noncKoeoro Bbisoea MHO>KecTBa 
nonbSOBarenbCKHX repiviMHanoB n nepeAaerca c ncnonbaoBaHneivi Tuna 0 FlBfl FCH, Ecnn But 
noMCKOBoro Bbisosa b coo6iAeHMH BCH yciaHOBneH, to oahh nnn 5onee FlBfl c coo6meHMaMi/i 
noMCKOBcro Bbisosa (i/inM "FlBfl noMCKOBoro BbisoBa") nepeAaiOTca ChaHana no Kanany FCH, B 
CAHOM v\ TOM )Ke KaApe M0>KeT 6biTb nocnaHO MHO>KecTBO FlBfl noi/iCKOBoro Bbi30Ba, KOTopbie 
nepoAaiCTca c McnonbsoBaHMeivi pe>KHMa pasHeceHMa m caMoii hmskom CKopoc™ nepeAann 0,25 
6mt b ceK/FL|, HTo6bi yBennHnib BepoaiHOCTb npaBunbHoro npnena nojibaoBarenbCKHMM 
TepMMHanaMM. 

LUnpoKOBeiAaTenbHoe cooeu^eHwe MO>KeT HcnojibsoBarbca Ana nepeAann MHCtJopMaLinn kg 
MHO>KecTBy nonbaoBaTenbCKMx TepMMHanoB, m nepeAaeTca c McnonbaoBBHi/ieM Tuna 0 FlBfl FCH. 
Ecnn But LunpoKOBeinaTenbHOM nepeAaHM b coo6iAeHm/i BCH ycTanoBneH, to oamh i/inn 6onee 
FlBfl FCH c LiiiipoKOBeLAaTejibHbiMii coo6LAeHMaMi/i (i/ini/i "ujiipoKOBeLAaTenbHbie FlBfl") 
nocbinaiOTca no Kanany FCH cpaay BcneA 3a FlBfl noncKOBoro Bbiscaa, nepeflaHHbiMn no Kanany 
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FCH. LLlMpoKOBemaTenbHbie FlBfl TaK>Ke nepeflaiOTcn c McnonbsoBaHiieM pe>KiiMa pasHeceHiin h 

CBMOM HM3K0M CKOpOCTM nepeflaHM 0,25 6mT B CeK/rL(, HT06bl yBeriHLiMTb BepOflTHOCTb 

npasMJibHoro npMeMa. 

nonbsoBaTenbCKMw naKer Mo>KeT McnoJib30BaTbcn flna nepeflaMM KOHKperHbix 
nonbaoBarenbCKnx flaHHbix m mokbt nepeflasaTbca c McnonbaoeaHneM Tuna 1 mjim 2 flBfl FCH. 
Tun 1 i/ini/i 2 DBfl FCH nepeflatOTCfl no Kanany FCH Bcnefl 3a nK)6biMi/i flBfl noncKOBoro Bbisosa 
M ujMpoKoseiMaTenbHbiMn flBfl, nepeflaHHbiMH no Kanany FCH. Ka>KflbiH nonb30BaTenbCKMM FIBfl 
MO)KeT nepeflasaTbcn c McnonbsosaHi/ieM pe>Ki/iMa pa3HeceHHfl, ynpaBneHMfl ny^oM i/inM 
npocTpaHCTseHHoro MynbTMnneKciipoBaHi/iq. l/lHctjopiwiaLiHOHHbie aneMeHTbi FCCH onpeflennioT 
CKopocTb M pe>KMM HepeflaMM, McnonbsyeMbie flJifl Kawfloro nonb30BaTenbCKoro FIBfl, 
nepeflaHHoro no KaHa/iy FCH. 

Coo6ineHMe mjim naKex, nepeflaHHbie no Kanany FCH, coflep>KaT nenoe mmcho KaflpoB PHY. B 
BapMaHie ocymecTBneHUfi m kbk onucaHO HM>Ke, Ka>KflbiM Kaflp PHY MO>KeT BKJiKjHaTb b ce65i 
3HaMeHMe CRCflnn nposepKn oTflenbHbix KSflpos PHY b FIBfl FCH m npM Heo5xoflMMoc™ fljin 
nepeAaHH mx noBTopHO. flna cnHxpoHHbix ycnyr mokst npnMeHSTbCfi RLP flnn cerMeHTaiiuM, 
noBTopHOM nepeflaMM m noBTopHOM c6opKM KaflpoB PHY b aaAaHHOM FIBfl FCH. B flpyroM 
BapnaHie ocyi^ecrBneHMfl SHaneHne CRC o5ecneHMBaeTCfl fxna Ka>KAoro coo6i^eHMfi nnn naKeia 
BwiecTo Ka>Kfloro Kaflpa PHY. 

<l>Mr.6 MJiniocTpi/ipyeT eapnaHT ocymecTsneHMfl CTpyKiypbi flna naKera 534 FCH. FlaKej FCH 
coflepjKMT L^enoe mcno kbapob 61 0 PHY. Ka>KAbiii kbap PHY BKntOHaer b ce6n none 622 
nonesHofi HarpysKw, none 624 CRC m none 626 saBepmaioimix 6mtob. nepBbiPi Kapp PHY flnn 
naKeia FCH BiuiiOHaeT b ce6fl none 620 aaronoBKa, Koropoe yKasbiBaei ™n m AnnrenbHOCib 
coo6i4eHMfl. riocneflHMM Kaflp PHY b naKexe FCH BKmonaeT b ce5fl none 628 nycroro 5MTa, 
KOTopoe C0Aep>KMT HyneBbie 6MTbi sanonHeHMA b kohlis nonesHoPi HarpysKii flna sanonHeHi/ia 
nocneflHero Kaflpa PHY. B sapnaHTe ocyLij,ecTBneHi/ifl Ka>KflbiH KaAP PHY coAep>KMT 6 cmmbohob 
MOPH. Mucno 6mtob, BKJiiOHeHHbix b Ka>KAbm KaAP PHY, aaBucMi ot ckopocth nepeAann, 
McnonbayeMoPi p,nf\ aroro KaApa FCH. 

B Taenwi^e 19 nepeHncneHbi pasnnHHbie nona Ana npniviepHoro cjaopMaia FIBfl FCH Ann 
Ti/inOB 0 M 1 riBfl FCH. 



nepEbia kaflp PHY 



KaiKflbiH cpenHm KSflp F 



nocreflHMfl K^flp PHY 



Tun cooSi^eHMSi FCH 
flnwHa coo6ineHMSi FCH 
nojieaHan Harpysio 
CRC 

3aBepiijaioiijHe 6kiTbi 
Y nojiaaHaB Harpysra 
CRC 

Saaepiuaioii^He etiTbi 
no/ieaHan narpysKa 
nycTbie 6HTbi 



nepeMeHnasi 

nepeMeHHas 



Tun coQ6meHHSi FCH 
•Aucno 6moB b HEfl FCH 
BHTbi nonesHOH Harpyaioi 
SnaMeHtie CRC Ann xaapa PHY (Aono/iHiiTe/ibHo) 
3aBepiijaioi4Vie 6viTbi ana caepToiHoro KOflepa 
BHThi nane^HOH HarpyaKM 
3HaMeHMe CRC flnn naapa PHY (Aono/iHwre/ibH 
3aBepiijaioinne 6iiTbi fljia CBepT04Horo mflepa 
BMThi nonesHofi HarpyaKM 
nycTbie 6MTbi a/ia sanonHeHMfl KaApa PHY 
3HaMeHne CRC ana Kaflpa PHY (flDnorHMTenhH 



FloJifl Tun coo6LneHiifl FCH m flnnHa cooSuieHUfl FCH nepeflaiOTCfl b saronoBKe nepsoro 
KaApa PHY b FIBfl FCH. Flonfl noneaHOM HarpysKii, CRC ii saaepiuaioiUMX 6mtob BKJiiOHaKjTCfl b 
Ka>KflbiM KaAP PHY. Macib nonesHOM HarpysKii Ka)Kfloro FIBfl FCH coAep)KMT iiHc|3opMaL;MOHHbie 
6iiTbi pj\f\ coo6Li^eHiifi noMCKOBoro BbiaoBa/Lui/ipoKOBeLi^arenbHoro coo6LAeHi/ia unki KOHKperHoro 
nonbsoBarenbCKoro naKera. ilycTbie Gmth iicnonb3yK)Tca p,nf\ sanonHeHiia nocneAHero KaApa 
PHY B riBfl FCH, ecnii Tpe6yeTCfl. 

KaAP PHY M0>KeT 6biTb TaK>Ke onpeAeneH Ana BKmoHeHun MHoro Hucna cuMBonoa MOPM 
(hanpmviep, OAHoro, p,Byx, Herbipex, Bocbwiii m t.a-). KaAP PHY M0)KeT 6biTb onpeAeneH 
neTHbiM HMcnoM CMMBonoB MOPM, noTOMy hto CMMBonbi MOPH nepeAaHDTcn napaivm b pe>KMMe 
pasHeceHMfl, hto mo)kho i/icnonbsoBaTb flna FCH m RCH. PasMep Kaflpa PHY M0>KeT BbiSnpaTbca 
Ha ocHOBaHHM o)KiiAaeMoro Tpac|DHKa Ann noBbiujeHMn 3c|DC|DeKTHBH0c™. B HacTHOc™, ecnw 
pa3Mep KaApa cnnLUKOM sennK, to cHiDKeHkie 3ct3c|3eKTMBH0CTM o6ycnaBnMBaeTca 
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McnonbsoBaHMeM 6onbiuoro Kaflpa PHY ppa nepeflaMH Manoro oGteivia flaHHbix. 
AnbTepHaTMBHo, ecnw pasMep K^i^pa cnmuKOM Man, to cny>Ke6Hafl HHct»opMani/ifl npeACTaenaeT 
66nbLuyio MacTb KaApa- 

5. OSpaTHbiM KBHan (RCH) - Bocxoflainaa nvmvta 

RCH McnonbayeTCfl nonbaoBaienbCKHMM repMHHanaMMflnfl nepeflaMi/i flaHHbix socxoflaineM 
nMHMM M nHnoT-cuman k nyHKxy flocryna. RCH Mo>KeT BbiflennTbcn Ha Ka>KflbiM Kaflp flBP. Oamh 
MfiM 6onee noJibaoBarenbCKnx repMUHanoB Moryr HaaHaMaibcn flJin nepefla^M no Kanany RCH b 
nio6oM saflaHHOM KaflpeflBP. flpeflycMOTpeHo HecKonbKo tmhob flBfl RCH cyneTOM paanwMHbix 
paGoMMx pe>KMMOB B Kanane RCH. B Ta6nMLie 20 nepe^wcneH nprnviepHbiM Ha6op tmhob flBfl 
RCH. 

Ta6jiHua 20 

Tiinbi nEfl RCH 

A Jvm nSR RCH OiwcaHMe 

TojibKO coo6ii^eHMe norb30BaTenbCKoe cooSineHiie RCH, Sea npeaM5yjibi 

CooGu^eHHe w npeaM^yjia, He b cocroaHWH 0}KM/^aHbin FlojibaoBaTenbCKoe cooGu^eHHe RCH c npeaM6yjiQH 
Coo5ineHne h npeaM6yjia, cocTOSHMe O^imsmp Coo6LL(eHne cocTOflHiia Oa<MflaHMn RCH c npeaM6yjioM 

Tun 0 nbfl RCH McnonbsyeTca flna nepeflann cooBLueHUfl/naKeTa no Kanany RCH m He 
BKnHDHaer b ce6a npeaM6yny. Tun 1 flbfl RCH ncnonbsyeicfl flna nepeAann coo6meHMa/naKeTa 
n BKJiKDHaer b ce6a npeaM6yjiy, Tun 2 flBfl RCH BKntOHaer b ce5a npeaiviGyny m KopoTKoe 
coo6L4eHMe n ceaaaH c rpacjanKOwi Kanana RCH b cocTOsqHUM O^K^manm. 

0Mr.5D unjiiocTpi/ipyeT eapnaHT ocyiMecTBneHna FlBfl RCH pf\i\ Tuna 0 nbfl RCH. B 3tom 
BapnaHie ocyiuecTBJieHUJi riBfl RCH BiuiiOHaeT b ce65i TonbKO nacTb 534a cooeu^eHna Ana 
naKeia RCH nepeweHHoii AnnHbi caaAaHHbiM u,en\>m HMcnoM KaflpoB PHY no/ieivi flnnHa 
coo6iueHiifl RCH b FlBfl RCH. CKopocTb n pe>KiiM nepeflaHi/i flna naKera RCH onpeAeneHbi b 
accoMMnpoBaHHOM MHctiopMaL4MOHHOM aneMSHTe Kanaka FCCH. 

0Mr.5E HnnKJCTpMpyer sapHaHT ocyiAecTBJieHUfl riBH RCH A^a Tuna 1 flBfl RCH, B 3tom 
BapnaHTe ocyLnecTaneHU?! flBfl RCH BKnioHaeT b ce5fl nacTb 532b npeaM5ynbi n naKeTHyio 
nacTb 534b. HacTb 532b npeaM6ynbi ncnonbayerca f\n^ nepeAanM STanoHa (k npHMepy, nunoT- 
curHana MBxMBbix uni/i ynpaenaeMoro aianoHa) h nMeer nepeMeHHyio AJ^nny, Koropafi 
onpefle/iaerca noneivi Tun npeaM6ynbi RCH b accoMnnpoBaHHOM HHCfiopMaMMOHHOM sneivieHTe 
KaHaJia FCCH. MacTb 534b McnoJibayercyi pj\s\ nepeAanM naKera RCH m TO>Ke HMeer 
nepeweHHyK) AnnHy, KOTopaji onpeAenaerca noneivi flnnna coo6Li4eHiia RCH b riBfl RCH. riaKer 
RCH nepeAaercn c Mcnonb30BaHMeM CKopocri/i ii pe)KiiMa nepeAann, onpeAeneHHoro b 
accoMMnpoBaHHOM MHClDopMaui/iOHHOM sneivieHTe Kanaka FCCH. 

0Mr.5G unnroCTpi/ipyeT BapnaHT ocyiMecrsneHiifl riBfl 350d RCH Ann Tuna 2 nBfl RCH. B 
3T0M BapiiaHie ocyiAeciBneHnq riBfl RCH sKrwHaer b ce5n nacTb 532d npeaM6ynbi n nacTb 
536d coo5iAeHi/iq, MacTb 532d npeaM6ynbi McnonbayeTcn Ana nepeAaHM aranoHa m MMeer AJinHy 
1 , 4 i/inii 8 cMMBOJioB MOPH. HacTb 536d wcnoJibayeTca p,m nepeAani/i KopoTKoro coo6LAeHMa 
RCH M MMeer ct:nKciipoBaHHyK) A^MHy b oamh cmmbo^ MOPH. KopoTKoe cooSineHMe RCH 
nepeAaercfl c ncnonbaoBaHiieM KOHKperHbix cKopocru v\ pe>KHMa nepeAann (Hanpmviep, CKopocrb 
1/2 v\n\A CKopocTb 1/4 m MOAynflHHfl flctMH), 

riaKer, nepeAaHHbiw no Kanany RCH, (flna TiinoB 0 m 1 FlBfl) coAep>KHT i^enoe hmcho KaApoB 
PHY. CrpyKrypa f\m naKera RCH (Ana TunoB 0 m 1 FlBfl) noKaaaHa Ha c|DMr.6 m flBnaercn tom 
>Ke caMOM, HTO M A^fl naKera FCH. FlaKer RCH coAep>KMr qenoe Hi/icno KaApoB 610 PHY. Ka>KAbiM 
KaAP PHY BKntonaer b ce6n none 622 noneSHOii narpySKii, 0aKynbrarMBHoe none 624 CRC m 
none 626 aaBepmaKjLAMX 6mtob. FlepabiM kbap PHY b naKere RCH BKntonaer b ce5fl none 620 
aaronoBKa, a nocneAHMw Kanp PHY b naKore BKmonaer b ce6n none 628 nycrbix Smtob, 

B Ta5jiML^e 21 nepeni/icneHbi paani/iHHbie nona Ann npi/iMepHoro ctaopiviara FlBfl RCH Ana 
Ti/inO BO n 1 riBfl RCH. 
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^MHa cooGiMeHUfi RCH 
MiiflmaTop cuopocTM FCH 



SasepLuaiomMe SHTbi 
ufl cp^Hi/iA Ka/ip no;ie3Ha^ Harpyaica 
CRC 

nocreflHMfl K^p PHY Honeman Harpyara 
nycTbe 6rtTbi 
CRC 



run CDoSineHMSi RCH 
■iMcno SiiTOB B riEfl RCH 

MaKCMManbHyio cuopocTb flnn KaiKfloro np v- [ p i 



Bm™ noreanoM warpyakH 

nycTbie 6MTbi A/ifl 3anonHeHHfl Kaapa PHY 

fl/ia Kaapa PHY (flonojiHiiTejibH 



rionfl Tun coo6meHMSi RCH, flnnHa coo6i4eHiiJR RCH m MHflUKarop CKopocTw FCH 
nepeAaHDTCfi b aaronoBKe nepaoro KaApa PHY b flBfl RCH. Flone MHAHKarop CKopocTH FCH 
i/icnonbayercfi p,na nepeAaHM MHctDopMaL|MM CKopocTW FCH (k npmviepy, MBKcuManbHbie CKopocTH 
nepeAaHM, noAAep>KMBaeMbie Ka}KAbiM m npocTpaHCTseHHbix KaHanoe) k nyHKiy Aocryna. 

B TaSnime 22 nepenncneHbi paanMHHbie nonn ppn npMMepHoro c|30piviaTa riBfl RCH Rua Tuna 
2 nB fl RCH. 



HHflmoTop CKOpoc™ FCH 
3anpoc RCH 



SasepmaioLntie 6nTbi 



MaKCHua/ibHyio CKOpocTb fljin i<a>KdDro npocipaHCTBeHHoro lo 



3ape3epBHpoBaHOfln!i 6yflyqero ticnonbsoBaHH!! 
SaBepmaioLnne 6nTbi ana csepTCWHoro wpgepa 



□one 3anpoc RCH Mcnojibsyercji nonbSOBarejibCKiiM repwiiHajiOM p,n9\ aanpoca 
flononHkirenbHOM nponycKHOM cnoco6HOCTM b BOCxoAainew nnHnn. 3to KopoTKoe coo6LneHMe 
RCH He BKniOHaeT b ce6a CRC m nepeflaercn b eflUHCTBeHHOM cuMBone MOPH. 

6. AKTMBHOCTb BbiAejieHHOfO KSHana 

nepeAana AaHHbix no KanajiaM FCH n RCH MO)KeT nponcxoAnib HeaaBucnivio. B sbbmcmmoctm 
OT pe>KMMOB nepeAaMM, BbiSpaHHbix Anf ncnonbsoBaHUfl FCH m RCH, op,m mjim MHo>KecTBo 
npocTpaHCTBeHHbix KaHa/iOB (Ana pe>KMMOB ynpaBneHMfl nynoivi m pasHeceHUfi) Moryr 5biTb 
aKTMBHbiMM M Mcnonb30BaTbCfl Ana nepeflaMM AaHHbix AJ^n Ka>KAoro BbiAeneHHoro rpaHcnopTHoro 
Kanana. Ka>KAbiii npocTpaHCTeeHMbm Kanan MO>KeT Sbiib CBaaan c KOHKperHOM CKopocTbro 
nepeAaHM. 

KorAa TonbKO FCH mjim TonbKO RCH MMeer ace neibipe CKopocTM nepeflann, ycraHOBneHMbix 
Ha Hyjib, nonbsoBarenbCKMM TepMMHari HaxoA^Tcn b cocronHMM 0}KMAaHMfl Ha stom jimhmm. 
TepMMHan b coctojihmm o>KMAaHMn ace tkb nepeAaei flBfl QxtvjaHtfPuo Kanany RCH. KorAa m 
FCH, M RCH MMeiOT Bce Heibipe CKopocTH nepeflaMU, ycraHOBnenHbie na Hynb, to kbk nynicr 
Aocryna, raK m nojibaoaaTenbCKMM repwiMHaji BbiKnioMeHbi m ne ocymecTBJiflK)! nepeAaHM. 
nojibsoBaTejibCKMe TepMMHaribi c Menee neM nerbipbivin nepeAaioi^MMM anreHHaMM 
ycTahasnMBaiOT nonn HencnonbayeMbix cKopocTePi nepeAani/i na Hynb. noJibaoBaTeJibCKwe 
TepMMHanbi c 6onee neiwi MerbipbMfl nepeAaioiAMMi/i aHTeHHawiM ncnonbsyiOT He BoJiee neibipex 
npocTpaHCTBeHHbix KananoB AJia nepeAanw Aannbix. Ta6nMqa23 noKasbiBaei cocTOJiHMe 
nepeAaHM m aKiMBHocTb KaHana, KorAa CKopociM nepeAaMM bo acex <-ieTbipex 
npocTpaHCTBeHHbix Kananax Ka>KAoro m3 FCH mtim RCH (mjim o6omx) ycTanoBJieHbi na Hynb. 

TaE/iML(a 23 

CucipiKTn RCH 

5ii uepe QflHa CKopocTb no 

iii Mepe OAHa catopocib na Bce cKopocTw no naHany RCH = 0 
Bce CKopocTM Ha FCH = 
Bce CKOPOCTM Ha FCH = 



RCH*0 

Bce CKOPOCTM nc 



Mepe oflHa CKopocTb no Kana/iy FCH i 
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Mo>KeT TaK>Ke nMeib mscto CMTyai-(Ma, Korfla m FCH, m RCH Haxoflflxca b cocToaHMii o>KMAaHMH 
(T.e. He nepeflawT flaHHbie), ho see >Ke nepeflaror npeaMSyny. 3to onpefleJinerca KaK 
cocToaHne Oxi/tflaHna. flonq ynpaBneHi/in, McnoJibsyeMbie A^n noflflep>KaHMfl nonbsoBarenbCKoro 
TepMMHana b cocTOflHMi/i O^i^anm, npeflycMorpeHbi a iiHct)opMani/ioHHOM aneMeHTe Twna 2 H3 
5 Kanana FCCH, Koropbiw noKaaan BTaSnm^e 13. 

7. AjibTepHaTMBHbie cxeMbi 

flnn qcHocTMflnq npHBSAeHHOM b Ka^ecTBe npwMepa cxeMbi onwcaHbi KOHKperHbie Tiinbi flBfl, 
crpyKTypbi FlBfl, ct^opMaxbi coo6i4eHMM m T.fl. flnq ncnonbaoBaHMq raioKe Moryr 6biTb 
onpefleneHbi Menbiuee mx KomiHecTBo, flononHMTenbHbie m (hhh) paann^HbieTHnbi, MTOTaK)Ke 

BXOAUT B oeteM M306peTeHI/lfl. 

III. no flflnanaaoHHbie CTpyKiypbi MOPM 

B BbiiiienpuBefleHHOM onucaHnn oAHa m ra >Ke noAAnanaaoHHafi cipyKiypa MOPM 
Mcnonb3yeTCfi flna Bcex ipaHcnopTHbix KananoB. ynyHiiieHHafl 3cj3cjDeKTMBHOCTb Moxei 6biTb 
floCTiimyTa nyreM ucnoJibaoBaHnq paannMHbix noAAnanaaoHHbix crpyKiyp MOPM flna paamiMHbix 
TpaHcnopTHbix KaHanoB. Hanprnviep, flna neKOTopbix xpaHcnopTHbix Kana/iOB mokst 
Mcnonb30BaTbcn 64-noAmiana30HHafl cipyKiypa, Ann flpymxTpaHcnopTHbix KananoB MO>KeT 
Mcnonb30BaTbCfi 256-noAAnana30HHafl crpyKrypa n T.fl. KpoMe roro, MHO>KecTBO 
noflflwanaaoHHbix crpyKxyp MOP4 MOKer i/icnonbsosaTbca fljia aaflaHHoro rpaHcnopTHoro 
KaHa/ia. 

^ A^n aaflaHHOM lumphhn W nonocbi nacroT ciicreMbi flnnrenbHOcrb cmviBona MOPM aaBucm 
OT nojiHoro nucjia noflflnanaaoHOB. Ecnw nojiHoe 4Mcno noflflHanaaoHOB pasHO N, to 
flnnTenbHOCTb KajKfloro npeoGpaaoBaHHoro cuMsona (Sea L^nKnunecKoro npecjanKca) pasna N/W 
MKC (ecjiM W aaflaho b Mfq). MuKnHnecKUM npecfiMKC flo6aBnfleTCfl k Ka>KAOMy 
npeo6pa30BaHHOMy cuMBOJiy, htoGh o6pa30BaTb cooTBeTCTBytomnPi cmmboji MOPH. flriMHa 
ij|MKJiiiHecKoro npecfjuKca onpeAenneTCfl OKHflaeivibiM paciiikipeHHeM 3aAep}KKn b CMCTSMe. 
L4MKnMHecKMM npecjiMKC npeACTasnyieT cny>Ke6HyK) MHct^opMai^Mio, KOTopaa Heo6xoAMMa A-na 
Ka>Kfloro CMMBona MOPH Ana o6pa6oTKM HacTOTHO-ceneKTHBHoro Kanana. 3Ta cnyjKe6Han 
MHct)opMaL^Mfl npeflCTasnfleT 66nbiuyK) flOJiKi cmviBona MOPH, ecnn 3tot cmmboh kopotkhm, m 
MeHbLuyio A0J1I0, ecnki cmmboji A^^HHbm. 

□ocKonbKy pasjiHHHbie TpancnopTHbie Kananbi CBflaanbi c paannHNbiMn TunawH flaHHbix 
Tpac|3MKa, nOAxOAHiAan nOAAnanaaoHHan crpyKTypa MOPH MO>KeT 6biTb Bbi6paHa Ann 
McnonbsoBaHiifl flnn Ka)Kfloro TpaHcnopTHoro Kanajia, HTo6bi comacosaTb c OKHflaeMbiM tmhom 
AaHHbix TpacjsiiKa. Ecjim o>KiiflaeTCn, hto 6yA0T nepOAaBaTbcn 6onbLiJOM o&bOM A^HMbix b 
saflaHHOM TpancnopTHOM Kana/ie, to MO>KeT 6biTb onpeAeneHa eojibiuan noflflnanaaoHHan 
crpyKTypa AJna McnonbaoBaHkin atih TpaHCnopTHOro Kanana. B 3tom cnynae LiHKnHnecKHki 

^ npectDMKC 5yAeT npeflCTaB/iaTb Menbiuyio flonio CMMBona MOPH m mo>kho flooTHHb 6onbLueM 
scpcfDeKTMBHOCTM. Hao6opOT, ecjiH o>KMflaeTC5q, HTO 6yAeT nepeAasaTbcn ivianbm o5-beivi AaHHbixB 
saAaHHOM TpaHCnopTHOM Kanane, to M0>KeT 6biTb onpeAenena ivieHbLua?i nOAAi^anaaoHHaa 
CrpyKTypa Ana ncnonbSOBaHna Ana rpaHCnopTHOro Kanana. B 3tom cnynae, Aa>i<e ecnw 
qMKnHHecKMM npec|5MKC npeACraenaeT 66nbiijy[0 flonio cuMBOna MOPH, 66nbiuaa 
ocpc^jeKTMBHOCTb MOKST 6birb Bce >Ke flOCTurHyra CHM>KeHMeM BennHUhbi nanMiuHeii nponyCKHOM 
cnoco6HOCTM nyreM ncnonbSOBaHna cuMBOna MOPH Menbujero pasMepa. CMMoon MOPM 
MO}KeT, raKMM o6pa30M, paccMaTpi/iBarbca KaK"K0HreMHep", KOropbiki Mcnonbsyerca flna 
nepOAaHM Aanhbix, npHHOM "KOhreMHep" Aon>KHOro pasMepa M0}KeT 6birb Bbi6paH Ana Ka>KAOro 
TpancnopTHoro Kanana b saBMciiMocTM or oGi^eMa AaHHbix, oxiiflaeMbix Ana nepefla^M. 

45 K npMMepy, Ana onucaHHOro Bbime BapMaHra ocyu^ecrBJieHiia AaHHbie na FCH m RCH 

nepeflarorca b KaApax PHY, Ka>KAbiM m3 Koropbix coAep>KMT 6 CMMsonoB MOPH. B aroM cnynae 
Ana MCnonb30BaHMa Ana FCH n RCH mokgt 6biTb onpeASnena Apyraa crpyKrypa MOPH. 
HanpMMep, Ana FCH m RCH Mo>Ker Sbirb onpeAenena 256-noAAnaria30HHafl crpyKrypa. 
"Bonbiiioti" CkiMBCn MOPH Ana 256-n0AAnna30HH0ti CTpyKrypbi 6yAer npM6nn3kiTenbH0 b nerbipe 

5Q paaa AnnHHee "Manoro" cuMsona MOPM Ana 64-noAAMana30HHOH crpyKrypbi, ho 5yAeT MMerb b 
nerbipe pasa SonbiuyK) cnoco6HOcrb nepenoca AanHbix. OAHaKO Ana CAHOro 6onbLuorc cwMBOna 
MOPH HeoSxoAMM ronbKo oflMH i^HKni/i'-iecKiiM npect>MKc, rorfla icaKflna aKBHBanenrHbix nerbipex 
MaJibix CMMB0J10B MOPH Heo6xoAi^Mo '-leTbipe i^MKnimecKMx npectiJUKca. TaKMM o6pa30M, oGi^eM 
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cny>Ke6H0M MHc|3opMaL(mi p,na qnKnimecKnx npec|3MKC0B Mo>KeT 6biTb cHM>KeH Ha 75% 
McnonbaoBBHHeM SonbiueM 256-noAAnana30HHOM crpyKTypbi. 

Sia K0Hi4enL\Mfl MOKer 6biTb paciuMpeHa, HTo6bi /yin oflHoro m toto jks ipaHcnopTHoro Kanana 
MO)KHo 6bmo Mcnonb30BaTb pasJiiiMHbie noflflManaaoHHbie crpyKTypbi MOPM. Hanpmviep, RCH 
noflflep>KMBaeT paannMHbie TMnbi flBfl, Ka}Kflbii?i m3 Koropbix Mo^er 6biTb accoLimipoBaH c 
onpefleneHHbiM paaiwepoM. B stom cny^ae 66nbiijafl noflflnanaaoHHan crpyKxypa Mo>KeT6biTb 
Mcnonb30BaHa flnq Tuna FlBfl RCH SoJibiuero paswepa, m weHbiuafl noAAnana30HHan crpyKrypa 
MO)KeT HcnonbsoBaTbcn flnq Twna FlBfl RCH MeHbiuero paaiwepa. CoMeraHHe paanwMHbix 
noflflnanaaoHHbix crpyKxyp Mo>KeT TaK>Ke ncnoJibsoBaTbcn flnn saflaHHoro FlBfl. K npHMepy, ecnn 
oflMH flnnHHbiM cMMBon MOPM 3KBMBaneHTeH "-leTbipeM kopotkhm CMMBonaM MOPM, to FlBfl 
MO>KHO nepeflaBaibCfl c wcnonbaoBaHHeM Neonbm 6ojibiuHx chmbojiob MOPM h N^an waribix 
CMMBonoB MOPM, rfle Ngo^j^^j > 0 m 3 > Nf^an> 0- 

PaariHHHbie noAAManasoHHbie cipyKiypbi MOPM accoLiMnpyroica cci/iMBonaiviM MOPM 
pasJinMHbix AHHH. TaKMM o6pa30M, ecriH pasriHHHbie noAA^anasoHMbie crpyKiypbi MOPM 
McnonbayiOTCfl a^ji paannHHbix rpaHcnopiHbix KSHanoB (n (mjih) pj\r OAHoro m Toro )Ke 
TpaHcnopTHoro KaHana), to Heo5xoAHMO onpeAeniiTb CABi/irn FCH h RCH Ana riBfl FCH m RCH c 
HaAne>KaiAMM speMeHHbiM paapeiueHMeM, Koropoe MeHbiue, neivi nepnoA cuMBona MOPM. B 
HacTHocTM, npupaiAeHi/ie apeMeHii Ana flBfl FCH ii RCH MOJKei 6biTb 3aAaHo b Lie/ibix nwcnax 
flnnHbi MMKnuHecKoro npec|3iiKca BMecTO nepnoAa cmviBOJia MOPM. 

IV. CKopocTM M peKMMbi nepeflaHM 

TpaHcnopiHbie KaHanbi, onucaHHbie Bbiiue, McnonbsytOTcafljia nepeAann paannHHbix TunoB 
AaHHbixfljia paannHHbix ycjiyr m c|DyHKL|MM. Ka>KAbiM ipaHcnopTHbifi Kanan MO>KeT 
npoeKTMpoeaTbca flna noAAep>KKM oahom hhm 6ojiee CKopociefi m OAHoro mjim 6onee pe>KMMOB 
nepeAaHM. 

1. Pe>KMMbi nepeflaHM 

fljifl TpaHcnopiHbix KaHanoB noflflep>KHBatOTC3 HecKonbKO pe>Ki/iMOB nepeflann. Ka>KAbm 
pe>Kmvi nepeAaHM accoL^Mnpyeica c KOHKpeTHoti npocipaHciBeHHoti o6pa6oTKoPi b nepeAaiHUKe m 
npnewHUKe, KaKonncaHO HM>Ke. B Ta6jiHi4e24 nepenHcneHbi pe}Ki/iMbi nepeflaHM, 
noflgepjKMBaeMb e Ka>KflbiM m3 ipaHcnopTHbix KananOB. 



TpaHCnopTHbie KaHanbi Pskhmu nepsAavM 



OBKMBhiK PajHBceHwe npfl ynpaBJiaHwe jiynoM 



npocTp. MyrbTunnaKjc 



fljifl pe}KMMa paaneceHMa Ka)KAbiH chmboh AanHbix nepeflaeTcn c nsGbiTOMHocTbio 
nocpeflCTBOM MHO}KecTBa aHieHH, MHo>KecTBa noflflnanaaoHOB, MHO}KecTBa nepwoflOB cmmbojiob 
MJiM MX coHeraHMM A^f peariMsanMM npocrpaHCTBeHHoro, nacTOTHoro m (mjim) BpeivieHHoro 
pasHeceHMa. flna pe>KMMa ynpaBneHwa nynoM nepeflaHM flaHHbix Mcnonbsyeicn 
eAi^HCTBeHHbiM npocrpaHCTBeHHbiM Kanan (o6bNHo HannyHLUMM npocTpaHCTseHHbiM KaHan), m 
KaJKflbifi cMMBon flaHHbix nepeflaercsi b efli^HCTBeHHOM npocrpaHCTBeHHOM KaHane c 
Mcnonb30BaHMeM noriHOM molahocth nepeAanii, flocrynHofi flnsi nepeflaiOLAMxaHreHH. p,na 
pe}KMMa npocrpaHCTBeHHoro MyjibTvin;ieKCMpoBaHi/i5R MHO>KecTBO npocrpaHCTBenHbix KahanoB 
Mcnonb3yiOTca flnq nepeAaHM Aannbix, i/i Ka>KflbiM cmmboji Aanhbix nepeAaercn Ha oahom 
npocrpaHCTBeHHOM Kanane, npuneM npocrpaHCTBenHbiM Kana/i M0)KeT coorBercTBOBarb 
co6cTBeHHOM MOfle, nepeflaK)i4eM aHreHHe m r.fl. Pe)KMivi ynpaBneHMq nynoM Mo>KeT 
paccMaipMBaTbCfl KaKcneiiManbHbiM cnynaw pe>KMMa npocrpaHCTBeHHoro 
MyjibTMnjieKCMpoBaHMH, npMHeM flnn nepeflaHM flaHHbix Mcnonbsyercn ronbKo oamh 
npocTpaHCTBeHHbiM Kanaji. 

Pe>KMM paaneceHMa Mo>Ker McnonbaoBaibcn flna o6lhmx rpancnopTHbix KananoB (BCH m 
FCCH) flna Hv\cxop,f\[n,evi riHHMM or nyHKra Aocryna k nonbaoBaTeribOKMM repMMHanaM. Pe>KMM 
paaneceHMj^ MO}Ker raioKe McnonbsoBarbCiR p,na BbiAenenHbix rpaHcnoprnbix Kana/iOB (FCH m 
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RCH). Mcnonb30BaHMe pe}KMMa paaneceHna b KaHanax FCH m RCH Mo>KeT 6biTb comacoBaHo 
npn ycTaHOBJieHMM BbiaoBa. Pe>KiiM pasHeceHMa nepeflaei flaHHbie b oahom "npocrpaHCTseHHOM 
Kanane" c i/icnonbsoBaHi/ieM napbi aHTeHHflnn Ka>KflQro noAf^nanaaoHa. 

Pe)KMM ynpaBfieHi/iq nynoM Mo>KeT npHMeHATbCfl b Kanane RACH norib30BaTenbCKMMM 
TepMMHanaMM co MHo>KecTBOM nepeflatoinMx aHTeHH. nonbaoBarenbCKiiM lepMiiHan mokct 
ouieHMBaTb Kanan MBxMBbix Ha ocHOBaHMM niinoT-cMmana MBxMBbix, nocnaHHoro no KaHany 
BCH. 3Ta OLieHKa Kanana Mo>KeT aareM McnonbaoBarbcn fljia BbinoJiHeHMfl ynpaBJieHMn ny-iowi b 
KaHane RACH p,nn odpawjenm k cMcreMe. Pe>KMM ynpasneHMfl ny^oM Mo>KeT TaK>Ke 
Mcnonb30BaTbca fljia Bbifle/ieHHbix xpaHcnopTHbix KananoB (FCH i/i RCH). Pe>KMM ynpaaneHMq 
nyMOM Mo>KeT o6ecneMMBaTb 6onee BbicoKoe oTHoiueHMe npHHMMaewioro ci/imana k myiviy i/i 
noMexaM (C/LU) b npneiviHMKe, neivi pe>KMM paaHeceHwn aa cner HcnojibSOBaHiin ycHneHwn 
aHTeHHOM peiiieTKM b nepeflarMUKe. FIommmo stoto ^acTb npeaM6yjibi FIBfl Mo>KeT 6biTb 
CHn>KeHa, nocKonbKy ynpaBJineMbm sra/iOH BKmoHaer b ce6fl tojibko CMMBOJibi flnn 
eAMHCTBeHHOM "ynpaBnaeMOM" aHreHHbi. Pe>KMM pasHeceHMfi TaK>Ke Mo>KeT McnonbaoBaibCfl flna 
Kanana RACH. 

Pe>KMM npocTpaHCTBeHHoro MynbinnneKcupoBaHMfl MOKer McnonbaoBarbca flnn KananoB FCH 
M RCH, HTo6bi flocTMHb 6onee BbicoKOM nponycKHOM cnoco6HOc™, noflflepjKHBaeivioPi 
KaHanbHbiMM ycJioBMflMM. Pe>KHMbi npocrpaHCTBeHHoro MynbTMnneKci/ipoBaHMq m ynpaBJieHiifl 
nyMOM flsnfltOTCfl ynpaBJifieMbiMH siajiOHOM i/i Tpe6yiOT ynpaejieHMJi b saMKHyroM KOHiype flnn 
npaBMJibHOM pa6oTbi. Flo cyinecrsy nonbaoBarenbCKOMy repMUHany BbiflenwiOTcyi pecypcbi kbk b 
FCH, TaK M B RCH, >HTo6bi noAAep>KMBaTb pe>Ki/iM npocrpaHCTBeHHoro MyjibTMnjieKCHpoBaHnn. B 
KaHanax FCH m RCH MO>KeT noflflep>KMBaTbcyi flo Heibipex npocrpaHCTBeHHbix KaHanoe 
(orpaHMHeHO HucnoM aHieHH b nyHKie Aocryna). 

2. Ko flnpoBaHMe m MOflynanMii 

P^A paannHHbix CKopocTePi nepeAanw noAAep>KMBaK)TCfl a^a rpaHcnopTHbix KananoB. Ka>KAaa 

CKOpOCTb aCCOI^MMpyerCa C KOHKperHOPi CKOpOCTblO KOAMpOBaHUfl l/l KOHKpeiHOM CXeMOH 

Mop,yn9\i\m, hto coBMecTHO npoflBnneTCfl b KOHKpeTHoii cneKxpanbHoPi 3c|Dc|3eKTHBHOCTM (HriM 
CKopocTM nepeAaHM AaHHbix). TaSnnqa 25 nepeHncnaeT pasnnHHbie CKopocTH nepeAanM, 
noAflep )KMBaeMbie cucTeiviOM. 



CnOBO CneicTpa/ibHan 9(|>4)eKTtiBHOCTb (6ht Konoean CxMa 



CKOpOCTM B CBK/flO 



CKopocrrii MOflyniii^Mii MOPM 

OTcyTCTByeT 
1M BPSK 
1/2 BPSK 
1/2 QPSK 



16 QAM 
16 0AM 
64 QAM 
64 QAM 
64 QAM 
64 QAM 
256 QAM 
256 QAM 
256 QAM 
256 QAM 



MHCjSOpHai^. eHTU/CHMBOil KQAOBbie 6l1Tbl/Ck1MB0n 



Ka>KAbiM oSlumm rpaHcnopTHbiM Kanan noAflep>KMBaeT OAHy wnn 6onee CKopocxeM nepeAa^H m 
OAMH pe>KMM nepeAaHM (hjih, bo3mo>kho, 6onee, kbk BCnynae Kanajia RACH). BCH nepeAaerca 

Ha C|3HKCMpOBaHHOM CKOpOCTM C MCnOJlb30BaHHeM pe)KHIVia paSHeCeHMfl. FCCH MO>KeT 

nepeAasaTbcn na oahom m3 B03M0>KHbix CKOpocreM, kbk yKa3biBaeTCa noneivi Pe>Kmvi Phy FCCH b 
50 coo6meHMn BCH, c ncnonbsoBaHMeM pe>Kmvia pasHeceHUfi. B oahom BapwaHie ocymecTBJieHMfl 
RACH MO>KeT nepeAaBarbca na oahom ms sosMOKHbix CKOpocjeM, KaK yKa3biBaeTCa MCfl RACH, 
BCTpoeHHOM B npeaiviGyny FlBfl RACH, m Ka^uppe coo6iAeHHe RACH wMeer oamh m3 Heibipex 
B03M0)KHbix paswepOB. B ApyrOM eapMaHTe ocyLnecjeneHMn RACH nepeAaercn na 
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eflMHCTBeHHoCi CKopocTH. B Ta6nime26 nepeHMc/ieHbi napaMeipbi KOflMpoBaHi/in, MOflynnqiiH m 
nepeflaMM i/ i pasMepbi coo6LueHHM, noflflep)KHBaeMbie Ka>KflbiM rpaHcnopTHbiM KaHano M. 

Ta6;im4a 26 



CxeMa PeKHM Paaiuep cooeiMeHHn 



MOPH 
HepeM. 



PasHeceHne 
PaaHeceHue 
Pa3HeceH»ie 



riepeM. 



1/2 QPSK VnpaB/ieHHS 96, 192, 3 

1/2 leOAM ynpas/ieHtie 96.152, 

fiyMOM 384, 76S 

Coo5ineHHe FCCH sRBJiJieTca nepewieHMbiM nopaawiepy i/i saAaercfl nerHbiM hmchom 

CMMBOnOB MOPH. 

FCH ki RCH nOAAep>KMBaiOT ace CKOpocTw, nepeHMCJieHHbie b JB6n\Au,e 25. B Ta6nv\L\e 27 
nepe*HMCJieHbi napaMerpbi KOAMpoaaHMSR, Mop,ynf\u,m v\ nepeAa*-iM m paaiviepbi coo6iAeHMii, 
nOAAep>KMBaeMbie F CH m RCH. 

Tae;iima27 

napaMerpbi fljis FCHm 
Pa3M»p Ka/)pa PHY 

BuTbi KOfla CuMBO/ibi Moay/ifm. CMMBonbiMOPH 

BPSK 72 72 144 288 6 



0,25A 
0,5 



144 1 



1,0 1/2 QPSK 288 288 

1.5 3/4 QPSK 432 144 

2.0 1/2 16 QAM 576 576 

2,5 5/8 16 QAM 720 432 

3,0 3/4 16 QAM 864 288 

3.5 7/12 64 QAM 1008 720 

4,0 2/3 64 QAM 1152 576 

4.5 3/4 64 QAM 1296 432 

5.0 5/6 64 QAM 1440 288 

5.5 11/16 256 QAM 1584 720 

6.0 3/4 256 QAM 1728 576 

6.5 13/16 256 QAM 1872 432 

7.0 7/B 256 QAM 2016 28B 



2304 
2304 
2304 
2304 



SaMenaHHe A: Ka>KAbiH Ght koas co CKopocTbio 1/2 noBTopneTcn b Aayx noAA^anaaoHax p,nf\ 
nonyneHMn scpclDeKTMBHOH koaoboh CKOpocTw 1/4. Bm™ neTHOc™ npeAcrasnniOT i/i36biTOHHbie 
6iiTbi, BBeAeHHbie KOAMpoBaHi/ieM, m i/icnonb3yK)Tc$i npi/ieMHUKOM pj\f\ i/icnpaBJieHMn olijm6ok. 

Paawiep KaApa PHY b Ta6nMLie 27 yKaabiaaer HMCno KOAOBbix 6htob, cuMBOnOB MOp,ynn\\v\v\ v\ 
CMMBonoB MOPM A^n Ka>KAoro KaApa PHY. Ecjim ftn^ nepeAaHn AaHHbix HcnonbsyeTCfl 48 
noflAwanaaoHOB AaHHbix, to Ka>KflbiH cmmboji MOPH BKJiiOMaeT b ce6fl 48 cwMBOnOB MOAynaqwH. 
flnn pe>KMMOB pasHeceHiifl m ynpaBneHna nynoM nepeAaeicH oahh hotok cuMBonoB h paaiviep 
KaApa PHY cooTBeTCTByer eAUHCTBeHHow CKopocru nepeAaHM, npHMeHaeMOM A-na aroro noroKa 
CMMBonoB. flnsi pe>KMMa npocrpaHCTBeHHoro MynbTunneKcupoBaHiin MHo>KecTBo hotokob 
CMMBonoB Mo>KeT nepeAasaTbCfl b MHo>KecTBe npocxpaHCTBeHHbix KananoB m oSihhm paaiviep 
KaApa PHY HaxoAHTcn cyMMi/ipoBaHHeM paawiepoB KaAPOB PHY A^if OTAenbHbix 
so npocTpaHCTseHHbix KaHanoB. Paawiep KaApa PHY ajis Ka>KAoro npocrpaHCTBeHHoro Kanana 
onpeAenneTCfl CKopocrbio, i/icnoJibsyeiviofi Anaaroro npocrpaHCTBeHHoro Kanana. 

B KanecTBe npHMepa npeAnono>KMM, hto KaHan MBxMBbix cnocoSen noAflep>KMBaTb nexbipe 
npocTpaHCTseHHbix KaHana, pa6oTaiOLAMx npi/i cneicrpanbHbix actJctJeKTiiBHocTflx 0,5, 1,5, 4,5 m 
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5,5 6mt b ceK/fq. Merbipe CKopocri/i nepeAa^w, Bbi6paHHbie pf^^\ ^erbipex npocrpaHCTBeHHbix 
KaHanoB, S vavt cooTBeTCTBOBaTb noKaaaHHbiM b TaSJimte 28. 



HOflyJiJiMim <BHTU/ ap,f> PHY) 

BPSK 144 
QPSK 432 
64 QAM 1296 
256 QAM 1584 

06LHMH pa3Mep KaApa PHYcocTaBnaeTTorAa 144+432+1296+1584=3456 nHcJjopMaMMOHHbix 
5mtob i/iJiM 288+576+1728+2304=4896 koaobbix 6mtob. fla>Ke xora Ka)KAbiH m neibipex 
npocTpaHCTBeHHbix KaHanoB noflAep>KMBaeT paariMHHoe Hucno 6htob nonesHOM HarpysKH, o6ihmm 
KaAP PHY MO)KeT nepeAaeaTbCJi b 6 cmviBonax MOPH (k npMMepy, 24 mkc, npeAnonarasi no 4 

MKC Ha CMMBOn MOPH). 

V. Q6pa6oTKa (jjnanHecKoro ypoBHS 

ct)Mr.7 noKasbiBaer 6noK-cxeMy BapnaHia ocyinecTsneHMfl nyHKia 1 lOxflocryna m fleyx 
nonbsoBarejibCKkix TepMUHanoB 120x v\ 120y c cucreMOM EJIBC MBxMBbix. 

B HMCxoAflineiii jimhum CBaan b nyHKie 1 lOxflocryna nepeflaioinMPi (flPfl) (TX) npoL;eccop 710 
flaHHbix npuHMMaer flanHbie TpacjDMKa (r.e. MHtjDOpiyiai^MOHHbie 6nTbi) or MCrOHHi/iKa 708 AaHHbix m 
CMrHannsaLimo m MHyfo MHcjDopMaL(Mto ox KOHxponnepa 730 m, bo3mo)kho, nnaHMpoBiuMKa 734, 
3™ paannHHbie TMnbi AaHHbix MOryr nepeAaeaTbcn b pasHbix rpaHCnopTHbix KaHanax. flPfl 
npoqeccop 710 Aannbix "KaApupyer" flaHHbie (ecriM Heo6xoAMMo), CKpeMGnnpyer 
KaApMpOBaHHbie/HeKaApupoeaHHbie AaHHwe, KOAnpyex CKpewiGnnpOBanHbie AaHHwe, 
nepeMejKaei (i.e. nepeynop^AOHUBaeT) KOflnpoBanHbie flanHbie m OTo6pa}KaeT nepeMe)KeHHbie 
flaHHbie Ha cmviBOnbi MOflynaL|i/iM. flna npociOTbi xepMHH "CMMBOn AaHHbix" OTHOCkircn KCmviBOny 
MOflynnL;mi flnn flaHHbix ipactDHKa, a lepMHH "nunoTHbm cuMBon" oiHOCHTca k CMMBO/iy 
MOflynnLimi flnn nMnOT-cnrHana. CKpeM6nMpOBaHMe paHflOMM3MpyeT6MTbi flannbix. 
KoflMpOBaHkie ysejinHMBaeT nafleiKHOCTb nepeAanw flannbix. riepewieiKeHkie o6ecneHkiBaeT 
BpeivieHHoe, nacrOTHoe h (mjim) npocTpanCTBeHHoe paaneceHMe flnn KOflOSbix 6mtob. 
CKpeM6nMpOBaHMe, KOflMpOBaniie m MOflyjinLiiin wioryr BbinojiHnTbCjq na ochobs ynpaejiniOLAMx 
curHanoB, o6ecneHHBaeMbix KOHTponnepOM 730, m 6onee noflpo6HO onMcanbi HWJKe. flPfl 
npoqeccop 710 flannbix o6ecneHHBaeT hotok cmviBOnOB MOAynnL|i/in A-nn Ka>Kfloro 
npocTpancTBeHHOro Kanana, MCnonbsyeMoroflna nepeflann Aannbix. 

nPfl npocTpaHCTBennbiM npoqeccop 720 npuHiiiviaeT oamh wnw 6onee hotokob ci/iMBOnoB 
MOflynnL;Mn or flPfl npOL|eccopa 710 Aannux m Bbinonnner npocTpanCTeeHnyK) o6pa5oTKy 
CMMBOnOB MOflynnnMH Ann nonynenMn neibipex hotokob nepeflaBaeMbix cwMBOnOB, no OflHOwiy 
noTOKy na Kaxcflyio nepeAaiomyio anTehny. npocrpaHCTBeHHan o6pa6oTKa 6onee noAPo6Ho 
onwcana Hki>Ke. 

Ka>KAbiM MOAy-HJiTop (MOfl) (MOD) 722 npuHMMaer h o6pa6aTbiBaeT cooTBercTByKiLAMH hotok 
nepeflaBaeMbix cwiviBOnOB, 4To6bi o6ecne»HiiTb cooTBSTCTByioiAHki norOK ciiMBOnOB MOPH. 
Ka>KflbiM noTOK cwMBonoB MOPH o6pa6aTbiBaeTcn flanee, >HTo6bi oSecneHMTb cooTBeTCTByraLAUM 
MOAynMpOBannbiM CHrnan nMCxOAniMefi nHHMM. Herbipe MOAynMpOBannbixCMrnajia nMCxoflnmeM 
niiHi/iM OT MOflynnropa 722a-722d nepeAaiOTcn aarew Herbipbivin anTeHnaMn 724a-724d 
cooTBercTBeHno, 

B Ka>KAOM nonbaoBarenbCKOM xepMHnaJie 120 oflna m3 MHO)KecTBa aHTenn 752 npMnnMaer 
nepeflaBaeMbie MOflynnpoBannbie CHmaJibi nMcxoAfltflew nunuM v\ Ka>KAafl npneMnan anreHHa 
noflaer npnnaTbiM CMman na C00TBeTCTByK)iAMi;i AeMOAynaxop (flEMOfl) (DEMOD) 754. Ka>KAbm 
fleMOAyJiflTop 754 BbinonHner o6pa6oTKy, KOMnneMenTapnyio o6pa6oTKe, BbinoriHaeMOM 
MOAynflTopoM 722, m BbiAaer npimnTbie caiMBonbi. flpHeMnbiH (flPM) (RX) npocTpancTBeHnbiii 
npoqeccop 760 saxeM BbinonHner npocrpaHCTBennyio oGpa6oTKy npunnTbix cmmbohob ot scex 
fleMOflynniopoB 754 Ann nonyHeni/in BoccTanoBJiennbix cmmbojiob, Koropbie flanaioTcn oi^enKawiM 
CMMBonoB MOflynnni/iH, nepeflaHHbix nyniaoM flociyna. 

nPM npoqeccop 770 AaHHbix npi/iHHMaex m AeMyjibTi/inneKCMpyeT BoccraHOBJieHHbie ci/iMBOJibi 
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B MX cooTBeTCTByKjLUMe TpaHcnopTHbie KaHanbi. flnn BocciaHOBneHHbix cwiviBonoB ajih Ka>Kfloro 
TpaHcnopTHoro Kanana Mo>KeT ocymecTBJiaTbcn nociiMBonbHoe oSpameHHoe OTo6pa>KeHi/ie, 
oSpameHHoe nepeMe>KeHne, fleKOflHpoBaHHe m flecKpeM6nHpoBaHi/ie ,1^1^' nonyMeHMA 
fleKOflwpoBaHHbix flaHHbix Ann 3Toro rpaHcnopTHoro Kanana. fleKOflMpoBaHHbie flaHHbie Ann 
5 Ka>Kfloro TpaHcnopTHoro Kanaxia Moryr BKnio^aTb b ce6fl BoccraHOBjreHHbie naKeTMpoBaHHbie 
flaHHbie, coo6iMeHMq, curHanMsai^MK) h r.fl., KOTopue noflaioTca Ha npneMHMK 772flaHHbix m 
(mjim) KOHTponnep 780 flnn flaJibHewiueM o6pa6oTKM. 

06pa6QTKa nyHKTOM 110 flocryna i/i repMUHanoM 120flnq HMCxoflnineM hhhmh 6onee 
noflpo6Ho onMcana Hn>Ke. 06pa6oTKa flnq BocxoflflineM ni/iHHM MO)KeT 6biTb tom >Ke caiwoM hhm 

OTJIMMHOM OT o6pa60TKM flJia HMCXOAfllMeH nMHHM. 

flnn HMCxoflflmew jihhmm b Ka>KflOM aKTHBHOM nonbsoBarenbCKOM TepiviHHane 120 FIPM 
npocTpancTBeNHbiM npoL;eccop 760 OMeHMBaer Hucxoflamyio nMHMio flnq nonyMeHi/iq 
MH($»opMaL(Hi/i cocTOflHMfl Kahafia (MCK) (CSI), HCKMO>KeT BKmonaTb b ce6q oi^enKM KahanbHbix 
OTKHMKOB, oTHoiueHMfl C/LU flnq npuHqioro cwrHana h r.fl. flPM npoqeccop 770flaHHbix MOJKei 
raioKe o6ecneHMBaTb craryc naKexa/Kaflpa, npMHSToro no HucxoflflifleM jihhmh. KoHrponnep 780 
npuHMMaei MHct3opMaL;MK) cocToqHuq Kanana m CTaryc naKera/Kaflpa v\ onpeflenqer 
MHiJiopMaMMK) o6paTHOM CBasM, noflne>KaLflyK) nepeflane nasafl b nyHKiflociyna. Sia 
MHcjjopMaLiMfl o6paTHOM CBqsM o6pa6aTbiBaeTca FlPfl npoL|eccopoM 790 flaHHbix m flPfl 
npocTpaHCTBeHHbiM npoi^eccopoM 792 (ecnM oh HMeercn), npeoGpaayeTcq oflHUM unw 6ojiee 
^ MOflynqropaMM 754 i/i nepeflaercfl oflHOM mjih 6onee aHTeHHaiviM 752 naaafl b nyHKi flocryna. 

B nynicre 1 1 0 flOcryna nepeflaHHbifi(-e) CMrHaji(bi) Bocxofljunefi ni/iHMn npi/iHMMaiOTCfl 
aHTeHHaMM 724, flSMOflynnpyiOTcq fleMOflynflTopaMM 722 11 o6pa6aTbiBaK>Toq nPM 
npocTpahCTBeHHbiM npoL(eccopoM 740 m FIPM npoL\eccopoM 742 flaHHbix KOMnneMeHiapHbiM 
o6pa30M no OTHomeHHK) k TOMy, hto Bbinonnanocb b nonbaoBarenbCKOM repMHHane. 
BoccTahOBneHHaq MHct)opMaL(Mq oGparHofi cbssm noflaercq sareM na Konrponnep 730 m 
nnaHMpoBL4MK734. 

rijiaHMpoBLUMK 734 Mononbsyer MHCt>opMai4HK) o6paTHOM cbasm fljis sbinojiHeHMfl psfla 
c|DyHKL(MM, TaKMx KaK (1) Bbi6op Ha6opa nonbaoBarenbCKMx repiviMHajiOB flnq nepeflanM flaHHbix 
no HMCxoflqLueM m BOCxoflniAeii nMHMH, (2) Bbi6op CKOpocTn(-eki) m pe)Kmvia nepeflaHn fljin 
Ka>Kfloro Bbi6paHHoro nonbaoBaTenbCKoro repwiMHana m (3) HasHaHeHne flocrynHbix pecypooB 
FCH/RCH flnn Bbi6paHHbix repMHHajiOB. nnaHMpoeiAiiK 734 m (mjim) KOHTponnep 730 
McnonbsyroT fla/iee MHc|5opMaL|mo (nanpHiviep, ynpasneHnq BeKTopaMi/i), nonyHeHHyio na 
nepeflaHM BOCxcaqu^eM nMHi/m flnq o6pa6oTKki nepeflanii HMCxoflqi^eM jihhmm, KaK 6onee 
noflpo6HO onuaHO Hii>Ke, 

Rqfl pe>Kmvi0B nepeflaHM noflflep>KHBaeTca flna nepeflaHM flanhbix no HMCxoflnifleM m 
^ BOCxoflqiflSH nMHMH. 06pa6oTKa flnq Ka>i<floro m3 stmx pe>KMMOB nepeflaHM 5onee noflpoSno 
onMcana HM>Ke. 

1 . Pe>KMM paaneceHMa - o6pa6oTKa nepeflann 

0Hr.8A nOKaabieaer 6nOK-cxeMy BapnaHia ocyLflecTsneHMq nepeflatoiflero 6n0Ka 800 flna 
BbinonHeHMH o6pa6oTKM nepeflaHM flna pe>KMivia pasHeceHMq, FlepeflaiOLflMM 6nOK 800 MO>KeT 
Mcnonb30BaTbca flna nepeflatoifleM nacTM nyHKia flOcryna m nonbaoBarenbCKOro repMMHana. 

B nPfl npoi^eccope 71 -a flannbix 6n0K 808 c|D0pMMp0BaHMfl KaflpOB "KaflpMpyeT"flaHHbie flnn 
Ka}Kfloro naKera, nOAnejKaiflero nepeflane no Kananaivi FCH m RCH. ^Clnq ocranbhbix 
TpancnopTHbix KananOB KaflpMpOBSHMe BbinonnqTb He Hy>KHO. KaflpMpOBanMe M0}KeT 
BbinonnqTbcq, KaK iinnKjcrpi/ipyeTcq Ha ctJi/ir.G, mo6bi renepMpoBarb oamh MnM 6onee KaflpoB 
45 PHY flnn Ka>Kfloro nojibaoBaienbCKOro naKera. CKpeivi6nep 810 aarew CKpeM6nMpyeT 
Kaflpi/ipoBaHHbie/HeKaflpMpoBaHHbie flannbie flxiq Ka>Kfloro rpaHcnopTHoro Kanana flnq 

paHfl0MM3aHMM flaHHbix. 

Koflep 812 npMHMMaeT m KOflMpyer cKpeMSnMpoBaHHbie flannbie b cooTBeicTBMM c Bbi6paHH0M 
cxeMOM KOflMpoeaHMa, HTo6bi oGecnennTb KOflOBbie 6MTbi, BnOK814 nOBTOpeHMfl/npope)KMBaHMn 
50 sareM noBTopqer wnM npope>KMBaeT (i.e. cinpaer) neKoropbie m3 KOflosbix 6mtob, moSbi 

nonyHMTb>KenaTenbHyKD KOflOByK) CKOpocTb. B BapMahre ocyiflecTeneHMq KOflep 812 aBnaeicq 

flBQMHHbIM CBepTOHHbIM KOflepOM CO CKOpOCTbK) 1/2 H flnWHOH OrpaHMHeHHq 7. KoflOBaa CKOpOCTb 

1/4 Moxer 6biTb nonyHena noBTopeHMeM Ka}Kfloro KOflOBoro 6MTa oflMH pas. Kc\flOBbie ckopoctm 
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6onbLue, mbm 1/2 Moryr 6biTb nonyMeHbi cTupaHneM HeKoropbix 113 KOflOBbix 6i/itob h3 KOflepa 
812. KoHKpeTHafl KOHCTpyKi^nn KaflpMpyK3Lij,ero SnoKa 808, CKpeMSnepa 810, KOflepa 812 m 
6noKa 814 noBTopeHHn/npope>Ki/iBaHMfl oni/icaHa HiDKe. 

nepeMe}KHTenb 818 aareivi nepeiweJKaeT (r.e. nepeynopnflo^MBaeT) KOAOBbie 6MTbi m3 6JiOKa 
814 Ha ocHOBaHWM sbiSpaHHOM cxeMbi nepeMe>KeHHfl. B BapwaHTe ocymecTsneHMq Ka>Kflafl 
rpynna us cneflyramux flpyr 3a flpyroM noflne>KaiJHMx nepefla^e KOflosbix 6mtob b 3aflaHH0M 
npocTpaHCTBeHHOM Kanane pacujupflercfl no 48 noflfliianaaoHaM nepefla^i/i flaHHbix (hhm 
noflflnanasoHaM flaHHbix), 4To5bi o6ecneHHTb pasHeceHi/ie no Hacrore. nepeMe>KeHi/ie 6onee 
noflpo6Ho onwcaHo mme. 

Bjiok 820 noc*iMBOJibHoro QTo6pa)KeHMfl aaxeivi oTo6pa>KaeT nepeMe)KeHHbie flaHHbie b 
cooTBeTCTBMH c KOHKpeTHOH cxeMOH MOflyjiflquM flnfl nonyneHMfl cmviBonoB MOflynflUMn. KaK 
noKasaHo b Ta6JiML;e 26, flnn pe>Ki/iMa pasHeceHna Moryr ncnonbaoBaTbcn BPSK, 4 QAM i/ini/i 16 
QAM B 3aBncnM0CTM OT Bbi6paHH0M CKopocTn nepeflaHM. B pe>KHMe pasHeceHHfi OAHa m Ta>Ke 
cxeMa MOAy-nflMMM Hcnonbsyercn Ann scex noflqwanasoHOB flaHHbix. nocmviBonbHoe 
OTo6pa)KeHMe MOJKer AOCTuraTbca (1) rpynniipoBaHneM Ha6opoB 1/13 B 6mtob ajis ctJopMiipoBaHUfl 
B-6MT0Bbix 3Ha4eHiiH, rfle B > 1 , 11 (2) 0T06pa>KeHMeM Ka>Kfloro B-6MTOBoro snaMeHMfl ppa 
TOHKM B rpynne cumanoB, cooTBercTByioineii Bbi6paHHofi cxeivie Mop,yn9\u,m. Ka>Kflaa 
OTo6pa>KeHHafl cwrHaJibHan roHKa flsnneTcn KOMnneKCHbiM sHaneHiieM h cooTBeTCTByer cwMBony 
MOflynni^MM. Bjiok 820 nocuMBOJibHoro OTo6pa>KeHM5i oSeoneHUBaeT noTOKcmviBonoB MOAynfli^nn 
K nPfl npouieccopy 720a paaHeceHMn. 

B BapwaHTe ocymecTBrieHMfi pe>KMM pa3HeceHna ncnonbsyer npocTpaHCTBeHHO-BpeivieHHoe 
pasHeceHne nepeAaHn (flBPn) (STTD) Ana ABOHHoro pasHeceHna nepeAann no noAflnanaaoHaM, 
riBPn noAAep>KMBaeT CAHOBpeMeHHyto nepeflany HesaencHMbix cuMBonbHbix hotokob flByivifl 
nepeAafOLAMMM aHreHHaMn npn noAAep>KaHnn opToroHa/ibHOCTH e npnewHUKe. 

CxeMa riBPn paGoTaer cneAyfOL^nM oGpaaoM. ripeAnojiOKUM, HTOflsa ci/iMBOJia Mop,)/n?\nm, 
o6o3HaHeHHbie kbk j, m , noAne>KaT nepeflane b saAaHHOM noAAnanasoHe. nepeAaiHHK 
retiepv\pyeT RBBBevjopa Xj = [s^, s^l^ ^ x^^[sl -slf . we "* "o6o3HaHaeTConpn)KeHHoe 
SHaHeHne, a " oaHanaeT TpaHcnoHnpoBaHne. Ka>KAbiti bsktop BKmoHaer b ce6fl p,Ba aneneHTa, 
KOTopbie noAne}KaT nepeAB^e AByMR nepeAaiOLi^kiMM aHreHHaMki b oahom cuMBOnbHOM nepiiOA6. 
(T.e. BeKTop X, nepeAaerca AByivia aHieHHaMM b nepebiti CHMBonbHbiM nepwoA, a bsktop 
nepeAaercn ABywisi aHieHHaMU b cnep,yK)mm cuMBonbHbifi nepnofl), 

EcjiM npneMHMK CHa6>KeH eAMHCiBeHHOM npneMHofi aHieHHOM, to npuHsqibie cmviBonbi Moryr 
6biTb Bbipa>KeHbi KaK: 

H ypaBHemied) 

TAe f, M flBJiaiOTCn AByMJi CMMBOJiaMM, npMHflTbiMM B npneMHUKO B AByx cjiOAyioini/ix Apyr 3a 
ApyroM CMMBOJibHbix nepnoAax; 

A, M hj aBnflH3TCfl K03c|DcfjML|MeHTaiviM ycMJieHMfl jpaccbi CT AByx nepeAaromux aHieHH k 
npneMHOM aHTeHHe flna paccMaTpMBaeMoro noAAt^anasoHa, npuneivi ycuneHMfl ipaccbi 
npeAnonarawDTCfl nocTOflHHbiMn no noAAnanaaoHy m CTaTHMecKHMH no AByxcuMBonbHOMy 
nepMOfly; v\ 

n^ M n, flBJiaWTCn IliyMaMH, CBnsaHHblMH C ASyWia npilHqTblMM CMMBOnaMM M 

COOTBeTCTBeHHO. 

ripi/ieMHHK MO}KeT saieM nonyHMTb oqeHKii AByx nepeAaHHbix ci/iMBonoB m cneAy>OLMi/iM 

o6pa30M: 



H 



ypaBHCHHe (2) 
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AjibTepHaiMBHo nepeflaTHMK MO}KeT reHepMpoBaTbflBa BeKTopa „ _[ v\ 

±1 - \^\ ^2 J 

_ r * 1^ M nepeflaaaTb 3tm abb seKTopa nocjieflOBarejibHo b flsyx cHMBonbHbix 

±2 - \ J 

nepMOflax AByivia nepeflaiOLu;mviii aHTeHHaiviM. npHHarbie cmviBOJibi MOiyr sarcM 6biTb Bbipa>KeHbi 
5 ksk: 

r, = + h^s' + Hj . 

□pneMHHK Mo>KeT 3aTeM nonyHMTb oMeHKi/i 113 fleyx nepeflaHHbix cwMBonoa cneflyioinMM 

10 o6pa30M: 

' M^M' 

BbiiuenpHBeAeHHoe onMcaHne mokgt 6biTb paciuMpeHO a™ CMCreMbi BJIBC MBxMBbix c 
AByiuifi i/iJiM 6onee nepeAaK)LAMMM aHreHHaMi/i, Nr npi/ieMHbiMM aHreHHaivii/i m MHO>KecTBOM 
nOAAi^anasoHOB. ^se nepeAaioiAkix aHreHHbi i/icnojib3yiOTCn Anfi nio6oro saAaHHOro 
^ noAAnanaaoHa. npeAnojio>KMM, hto Asa cmviBOna MOflynflnnn, o6o3HaHeHHbix 

KaK \A ^li^) , noAne>KaT nepeAane Ha 3aAaHH0M noflAManaaoHe A . FlepeAaTHHK 

reHepupyer Aaa seKTopa ^^(h) - [s,(k) s,(k)J ^ x,(k) = [s;(k) - s-;(k)J ' ""^^ 

SKBMBaneHTHO, ABa Ha6opa 

23 C\AMBOnOB s',(kl] {x . (k )]= {s^fk) - sl(k)] . Ka)KflblPi Ha6op CMMBOnOB 

BKHRDHaer b ce5fl p,Ba sneMeHra, Koropbie noAne>KaT nepeflane nocjieAOBarenbHO b AByx 
CMMBonbHbix nepnoAax cooTBercTByioiAeM nepeAaioiAeii aHieHHOM b noAAnanaaoHe k{j.e. 
Ha6op C1/1MBOJ10B {x^ (k )} nepeAaercn b noAAi^anaaoHe km aHreHHbi /b Asyx CMMBoribHbix 

nepnoflax, a Ha6op (k)} cmviBonoB nepeAaerca b noflAManaaoHe k aHieHHofi Jb tom >Ke 
caMOM AsyxcMMBOJibHOM nepnoAe). 

BeKTOpbi npuHarbix cmmbojiob b npnewinbix anreHHax b AByxcmviBonbHbix nepnoflax Moryr 

5biTb Bbipa>KeHbi kbk: 
txik) = \k,{k)s, {k) + h,{A:)Ji(A') + n^{k) h 

^ r,(*) = h, {k)sl{k)-h^ (ft + nz^k) 

TAe r, (k) M f (k) asnaroTca AByivisq cuMBonbHbiivm BeKTopaMM, npHHaibiMn b AByx 

cneAyK)LUnxAPyr3a APyroM CHMSonbHbix nepwOAax na noAAwanasoHe Ab npneiviMMKe, npuneivi 
KajKAbiPi BeKTop BKJiiOHaeT B ce6fl N^, npuHflibix cmviBonoB a™ npneiviHbix aHieHH; 

40 hjk) M ftj (k ) qBnnioTcsi BeKTopaMM K03ct)ct)Mi^MeHT0B ycM jieHMfl rpaccbi or AByx nepeAaiOLAMx 
aHTeHH /m jk npnewHbiM aHreHHaM Ana noAflnanaaoHa k npi/ineM Ka>KAbM BeKiop BKntOMaei 
B ce6a ycMneHHa KahanoB or CBasanHOM c hum nepeAaiOLnePi aHTeHHbi k Ka>KAOii m3 
npneMHbix aHTeHH, tag ycujieHUfl xpacxjbi npeAnoJiaraiOTcq nocTOflHHbiMi/i no noAAnanaaony m 

CTaTMHeCKHMH 38 AByXCMMBOflbHblM nepMOAl M 
^ ^ n./;k) qBnflK)TCfl myMOBblMH BeKTOpaWll/l, CBflaaHHbIMM CAByMfl npMHnTblMM BeKTOpaMM 

^i(^) H ^:(^) COOTBeiCTBeHHO. 

npMeMHMKMO>KeT3aTeMBbiAenMTbOLieHKM AByx nepeAaHHbix CMMBOJIOB s.(k) v\ s^(k) 
cjieAyioinMM o6pa30M: 
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mm' 



S^{k) 

AjibTepHaTMBHonepeAaTMHKMO>KeTreHepi/ipOBaTbflBaHa6opa {c^(k)}=^^(k) s^(k)] w 
^ (k)]= {^Sjfk) sl(k)\ CMMBonoB M nepeflasaTb 3TI1 Ha6opbi CMMBonoB AByMa 
nepeAaioLi^MMM BHTeHHaMii i v\ j . BeKTopbi npMH5iTbix cmmbojiob Moryr lorAa 6biTb Bbipa>KeHbi 

KaK: 

r,(fc) - hXk)s, {k) + h,{k)s,{k) + n,{k) H 

E2(*) = h, (fc)s:(fe) -h,(*K(fc) + Utik) 
ripMeMHMK Mo>KeT saieM BbiAennTb 0L|eHKi/i Asyx nepeAaHHbix cmmbojiob cjieAy>OLAMM 



.h, (fc)r,(fc)-r,"(fc>h,a) 



\]k(k)f +\\k(k}f 

Cxeivia riBPn oni/icaHa b pa6oTe S.M. Alamouti "A Simple Transmit Diversity Technique 
for Wireless Communications" ("llpocToPi Merofl paaneceHMfl nepeAanM Ann 6ecnpoBOAHOM 
CBflSM"), IEEE Journal on Selected Areas in Communications, Vol. 16, No. 8, October 
1998, pp. 1451-1458. Cxeivia riBPn onMCbiBaerca TaK>Ke b nareHTHOM 3anBKeCliJA Ne 
09/737.602 Ha "CnocoG m cucreMy Ana noBbiLueHMJi acjjftieKTMBHOCTM no lunpi/iHe nonocbi b 
Kananax co MH0>KecTB0M bxoaob n MH0>KecTBOM BbixOAOs", nCAaHHOfi 5 nHsapn 2001 , m b 
nareHTHoi^ aajiBKe CLUA Nq 10/179.439 na "Pe>KMMbi nepeAanii c pasHeceHi/ieM flnn cuoTeM CBfl3M 
^'^ MBxMBbix IVIOPH"), nOAaHHOM 24 mOHn 2002. 

CxeMa riBPn 34)c|3eKTMBH0 nepeAaer oamh cmmboh Mop,ynf\uy\\A Ha noAAnanaaoH AByMa 
nepeAaHSLAMMM aHTeHHaMM b Ka>KAOM CMMBCnbHOM nepkiOAe. OAHaKC sra cxena flBPn 
pacnpeAenneT iiHC|)opMaMMio b Ka>KAOM cmviBone Mop,ynf\uy\\A no pfiyM cneAyioiAiiM flpyraa 
ApyrOM CMMBOJiaM MOPM. Jamw o6pa30M, BOCCTaHOBJieHi/ie cmviBOna b npiieMHMKe 
35 BbinonHsieTCn na ocHOBaHMH AByx cneAyioiAMx Apyr sa Apyrow npuHnibix cmmbojiob MOPM . 

Cxeivia riBPn ncnonbsyer OAHy napy nepeAaioiAnx aHTSHH p,n^ Ka>KAOro nOAAManasona 
AaHHbix. riocKCJibKy nyHKT Aocryna eKJiKDHaer b ce6fl Hexbipe nepeAaiomux aHTeHHbi, Ka>KAaa 
aHieHHa MO>KeT Bbi6MpaTbCsi A^n Mcnonb30BaHMa flna hojiobmhu m3 48 noAflManasoHOs AaHHbix. 
B Ta6nML|e 29 nepenMCneHbi npMMepHbie cxeMbi HasHaneHMfl nOAAManaaoHOB-aHreHH p,nf\ cxeMbi 

40 nBPTL 



EhTOBUH klHABKCbl 



BHTOBblH MHfleKCbl 
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KaK noKaaaHo b Ta5nML(e 29, nepeAaioiuHe aHreHHbi 1 m 2 McnonbayioTCfl f[na noflAnanaaoHoa 
c MHfleKcaMM -26, -19, -13 m t.a-, nepeAaioiAMe aHreHHbi 2 m 4 i/icnojib3yK3Tca rhr 
noAflnanaaoHOB c MHAeKcaMU -25, -18, -12 n t.a-, nepeAaiomMe aHreHHbi 1 m 3 wcnonbsyiOTCfl 

^ Ana noAAManaaoHOB c MHAeKcaMH -24, -17, -1 1 m t.a. MMeerca mecrb pasHbix anrennbix nap 
Ann HeTbipex nepeAaiomMX anrenn. Ka>KAafl m3 LuecTH ahTeHHbix nap ncnojibayercfl A-na 8 
noAAnanaaoHOB, Koropbie pacnpeAejienbi npM6nM3MTenbHO paBHOMepno no 48 noAAManaaoHaM 
AaHHbix. riapbi aHTeHH HaahaMaioTCfl p^R noAAnanaaonoB raK, hto paariHHHbie anrenHbi 
McnonbayioTCfl b cMe>KHbix noAAnanaaonax, hto MO)Ker o6ecneHi/iTb 56nbiuee nacTOTHoe m 
npocrpaHCTBeHHoe pasHeceHne. HanpiiMep, aHreHHbi 1 m 2 ncnonbsyioTcn pf]f\ 
noAA>^ana30Ha -26, a anreHNbi 3 m 4 Mcnonbsyiorc^i pflf\ noAAi^anaaoHa -25. 

HasHaHeHne noAA>^ana30HOB-aHTeHH b Ta6ni/iL|e 29 raKOBo, nro nerbipe nepeAaiou^Mx 
anreHNbi McnoJibsyiorcs^ pf^a Ka)KAoro KOAOBoro 6i/ira Ans^ HaMNMSLueM CKopocm nepeAawi/i 1/4, 
Hro MOKer MaKciiMH3npoBarb npocrpaHCTBeHHoe paaneceHMe. fljw CKopocru 1/4 Ka>KAbiii 
KQAOBbiM 5mt noBTopflercfl i/i nepeAaercn b Asyx noAAnanaaoHax (hto Tam.e HasbiBaercn 
KQAnpoBaHneM CABOMHbiM noBTopeHweM noAAnanaaoHOB). flBa noAAnanasona, McnQnb3yeMbie 
Ann Ka}KAoro KOAOBoro 5MTa, OTo5pa}KaioTCfl b paanbie ahTeHHbie napbi, HTo5bi Bce nerbipe 
aHTeHHbi Mcnojib30BanMCb A^a nepeAaMM SToro KOAOBoro dura. K npMMepy, 6MT0Bbie MHASKCbi 0 
M 1 B Ta5nnL(e 29 cooTBeTCTBywr OAHOMy n rowy >Ke KOAOBOMy 5MTy Ana pe}KMMa pasHeceHUfl, 
FAS 6mt c MHAeKCOM 0 nepeAasTcn aHTeHHaMM 1 m 2 b noAAnanasoHe -26, a 6nr c mhabkcom 

^ 1 nepeAaercn aHreHnaMU 3 i/i 4 b noAflMana30He 1 . B KanecTBe Apyroro npniviepa OnTOBbie 
MHASKCbi 2 H 3 B Ta6nnL\e 29 coOTBerCTByiOT OAHOMy m roiviy >Ke KOAOBOiviy 6i/iry, rp,e 6ht c 
MHAeKCOM 2 nepeAaercfi aHreHHaMi/i 1 i/i 3 b noAAi^ana30He -17, a 6mt c MHAeKcoM 3 
nepeAaercn anreHHaMH 2 m 4 a noAAHanaaone 10. 

CucreMa Mo>Ker noflAep>KMBaTb APyme cxeMbi pasHeceHnsi nepeAann, m 3to bxoamt b oS^beivi 
M3o6peTeHMq. Hanpi/iwep, cucreNia mokst noAAepJKMearb npocTpaHCTBeHHO-MacTOTHoe 
pasHeceHne nepeAann (riMPri) (SFTD), Koropoe mokot oSecneHUBaTb npocTpaHcrBeHHoe n 
MacroTHoe pasHeceHne na ocHOse nap noAflnanasoHOB. npniviepHan cxeiwa riMPn pa6oraer 
cneAyiOLUMM o6pa30M. npeAnono>Ki/iM, hto ABa cMMBona MCAynni-|HM, o6o3HaHeHHbie kbk •sf^r^ 
M , reHepupytoTC?! m OTo6pa)KafOTca Ha abb cMe>KHbix noAAnanasona ci/iMBOJia MOPM, 

^'^ flnn riMPn nepeAarHMK 6yAernepeAaBarbCMMBonbi <A-J \a s(k+i) abym^ anreHHaMM b 
noflAManaaoHe k\A 5yp,eJ nepeAaBarb cMMBonhi s*(k+l) m tbivim >Ke caMbiMi/i Asyivifl 

aHreHHawii b noAAnanaaoHe k + l. CMe>KHbie noAAnanaaoHbi ncnonbsyrorca ads napw cumbojiob 
MOAyJiai^MM, noroMy HTO KananbHbiM otkhmk npeflnonaraercn nocronHHbiM p,n9\ nepeAann stmx 

^ AByx nap CMMBOnOB. O6paS0TKa a npneiviHUKe ada BOCCraHOBneHna ci/iMBOnOB MOAynai^nM 
flsnnercn row >Ke caMOfi, hto i/i A-nn cxeMbi flBPn, 3a wCKniOHeHneM roro, hto oSpaSaTbisaiOTCfl 
npMHflTbie CMMBOnbi pm A^yx n0AAnana30H0B BivieCTO A^yx cmviBOnbHbix nepMOAOB MOPH. 

OwrSB noKasbiBaer 5noK-cxeMy sapnaHra ocyaiecrBneHMa flPfl npoi^eccopa 720a 
paaHeceHMsi, peajinayHDinero cscewy flBPn flnn pe>KMMa paaHeceHnn. 

B nPfl npoL\eccope 720a pasHecehMq AeMynbrnnjieKCop 832 npuHUMaer m 
AeMynbTunneKCMpyeT norOK chmbodob 4n) Mop,ynauy\» m3 FlPfl npoi^eccopa 71 Oa Aannbix b 48 
noAnOTOKOB, o6o3HaHeHHbix KaK s^(n) - sjn) , Ana 48 noAA^anasoHOB AaHHbix. Ka>KAbiiii noroK 
CMMBOnOB MOAyfiai-im/i Afia Ka>KAOro cnMBOnbHOro nepnOAa BKntOHaer b ce6n OAHH cmviBOn 
MOAyn?mMM, Koropbifi coorseTCTByer CKOpocru nepsAann CMMBOnoB (Tmopm)"\ tas Tmopm 

45 npeAcraBJiner coSoh AnHrenbHOCTb OAHOro CMMBOna MOPM. Ka>KAbifi hotok cuMBOnOB 

MOAynni^MM noflaercn na coorBercrByHDi^Mii flPfl npoiieccop 840 nOAAnanaaoHHOro paaHeceHMn. 

B Ka)KAOM nPfl npOL\eccope 840 nOAAwanaaoHHOro paaneceHMn AeMyjibrnnjieKCOp 842 
AeMynbTMnneKCHpyeT CMMsonbi AewoAynnLiHM Ann noflAManaaoHa b abs ci/iMBcnbHbix 
nocjieAOBarenbHOc™, npi/ineM Ka>KAan nocneAOBarejibHOcrb nwieer CKOpocTb nepSAanM 

50 CMMBOnOB (2T|vioph)"^ ■ npocrpaHCTBeHHO-BpewieHHOii KOAep npuHniviaer Ase 

nocjieAOBaTenbHOCTM cmmbotiob MOAynni^nM vip,n9\ KajKAOro AByxcmviBOnbHOro nepHOAa 
MCnonb3yeT Aaa ci/iwiBOJia s^ n b Aayx nocneAOBarenbHOCTax, Hro6bi ccpopMnpoaaTb p,Ba 
ciiMBOnbHbixHa6opa |f, x'\ J=|_y^ -jj*! Ann AByxnepeAaiOLAMxaHreHH. Ka>KAbiM 
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Ha6op CMMBonoB BKnio*^aeT b ceQa p,Ba CMMBona, no o^HOMy cMMBony or Ka}K/^OM 113 A^yx 
nocneflOBarenbHocreM. HaSop } cMMBonoB reHepiipyeTcn nyreM o6ecne4eHHq cwMBona 

nepBbiM, a CMMBona cneAyioiMHM, rfle j, nonyHaejcn nepea nepeKntoHaTenb 856a, a 
nonynaeTCa BanrneM conpajKeHHOM eenMHHHbi or -^2 6nOKOM 852a v\ aaflepxKOM conpa>KeHHOro 
CMMBona Ha oamh cuMsonbHbiM nepnofl 6noKOM 854a 3aflep}KKM. AHanorMMHo Ha5op ^ } 
CMMBonoB reHepupyeicn nyreM oSecneneHHfl CMMBona '2 nepabiM, a CMMBona - j* cneflyiOLUMM, 
rfle nonynaeTCn nocpeACTBOM nepeKJUOHaTenn 856b, a -s^ nonyHaeicn B3flTHeM 

OTpMi^aTenbHOM conpn)KeHHOM BenMHMHbi or s^ Sjiokom 852b m 3aAep)KK0M OTpmiaTenbHoro 
conpa)KeHHoro cwMBona Ha oflWH cuMBonbHbiM nepmp, 6noKOM 854b 3aAep>KKM. flsa Ha6opa [x. } 
M v*^;! CMMBonoB noAne>KaT nepefla^e ABy^n aHieHHaMH tv\ j, HasHaHenHbiMM noAAnanaaony, kbk 
yKasbiBaerca b Ta6jiiiMe 29. npocrpaHCTBeHHO-BpeivieHHOM koa^P 850 oGecneniiBaeT nepeuM 
Ha6op {v,}- {ii x'ii CMMBonoB b 6yc|3ep/MynbTiinneKCOp 870 p^f\ nepBOii nepeAaHSu^eii 
aHTeHHbi / , a btopoh naGop J= _ j* j> cmviBonoB b Apyroii Sycfiep/MyjibTiinneKCOp 870 ajia 

BTOpOM nepeAawiAeH aHreHHbi / flaacmviBona, o6ecneMeHHbie npocTpaHCTBeHHO-BpeivieHHbiM 
KOAepoM 850 flna Ka>KAoro CMMBonbHoro nepnofla, HasbiBaioTCfl cuMBonaMU FlBPn. 

Byctiepbi/MyjibTunjieKCOpbi 870a-870cl MCnonb3yiOTCfl p,ns\ 6yct)epi/i3aL|m/i m 
MyjibTunjieKcupoBaHnq cmmbohob FlBPn or Bcex npoMeccopoB 840 pasHeceHMa, Ka>KflbiM 
5yctDep/MynbTi/inneKC0p 870 npHHUMaer nunOTHbie cmviBOnbi h cwMBOnbi flBPn ox 
cooTBeTCTBywiAMx nPfl npoLieccopOB 840 noAAnana30HHoro pa3HeceHHn, kbk onpeAenaeTcn 
TaGnnqew 29. Hanprnviep, 6yct3ep/MynbTMnneKCOp 870a npuHUMaer cniviBOnbi MOp,ynm\m flnn 
noAflnanasoHOB -26, -24, -22, -19 w t.a- (T.e. Bcex noflflManaaoHOB, OTo6pa>KeHHbix b 
aHreHHy 1 ), 6y0ep/MynbTMnjieKCOp 870b npiiHiiMaeT CMMBonbi MOAy^^MMi/i a^^ 
noAAi^anasoHOB -26, -23, -20, -19 1/1 t.a. (r.e. ecex nQpAi^anaaoHOB, oroQpaweHHbix b aHTeHHy 
2), 6yct)ep/MyjibTi/inneKC0p 870c npMHMMaer CMMBonbi MOAyriFiL^iiii p^n 
noAAi^anasoHOB -25, -24, -20, -18 1/1 t.a. (i.e. Bcex noAAi^snaaoHOB, oroQpaweHHbix b 
aHTeHHy 3), a Oyctsep/Myjibri/inneKCOp 870d npMHMMaer CMMBonbi MOAynaqm/i p,nf\ 
noAflwanaaoHOB -25, -23, -22, -18 m t.a- (T.e. acex noAAnanaaoHOs, OTo6pa)KeHHbix e anTenHy 4). 

Ka>KflbiM SyctDep/MyjibTunneKCop 870 saTSM Ana Ka>KAoro cmviBonbHoro nepnona 
MyjibTunjieKCupyeT nerbipe nMnOT-CMmana, 24 cuMBona flBPn v\ 36 Hynew Ana nerbipex 
ni/inoTHbix noAAnanaaoHOB, 24 noAAnanasoHa AaHHbix n 36 Hencnonbsyeivibix noAAnanaaoHOB, 
cooTBeTCTBeHHO p,nf\ cpopMMpoBaHna nocneflOBajejibHOCTi/i m 64 nepeAaeaeMbix ci/iMBonoa f\n9\ 
Bcex64 noAAnanaaoHOB. XoTa nMeerca 48 noAAnanasonoB, TonbKO 24 noAAnanaaoHa 
i/icnonb3yiCTca Ana Ka>KAOM nepeAaKDiAeii anTenHbi Ana pe)KMMa paaneceHMa, v\ acfictieKTi/iBHoe 
nonnoe hmcjio HeMcnonbSOBanHbix noAAi^anasoHoe An^ Ka>KAOM aHTennbi 6yAeT, jamM o6pa30M, 
36 BMecTO 12. Ka}KAbiii nepeAaHHbiii cmmboji aajiaeTca KOMn/ieKCHbiM aHa^eHiieM (KOTOpoe 
MO}KeT 6biTb HyjieM Ana HekicnonbsyeMoro noAAManasona), KOTopoe nocbmaeTca e oahom 
noAAi^anasoHe e oahom ci/iMsojibHOM nepMOAe. Ka>KAbiii Syctiep/MynbTMnneKCop 870 noAasT 
noTOK CMMBonoB x^(n) Ana OAHOM nepsAaioiAefi aHTSNHbi. Ka>KAbiM hotok cuMBonoB nepeAanM 

C0Aep>KMT KOHKaTeHnpoBaHHbie nocneAOBaTenbHOCTH m 64 cmmbohob ^epep,a^v\, no oahom 
nocneflOBaTenbHOCTM A-na Ka>Kfloro cuMBonbHoro nepnoAa, CcmacHO ctinr.SA, flPfl npoijeccop 
720a pasHeceHMa oSecneHMsaeT neTbipe noTOKa nepeAasaeMbix cmviBonoB, A\(n)-xjii) 
Ana HeTbipex MOAynnTopos 722a-722cl MOPM. 

0Mr.8C noKasbiBaeT SnoK-cxewy sapiiaHTa ocyiAecTB/ieHMJi MOAynaTopa 722x MOPH, 
KOTopbiH MQ>KeT iicnonb30BaTbca Ana Ka}KAoro m3 MOAyJiaropoB 722a-722d M0P4 Ha ctJur.SA. B 
MOAynaTope 722x 6noK 852 o6paTHoro Sbicrporo npeo5pa30BaHiifl ct>ypbe npuHUMaeT noTOK 
nepeAaBaeMbixcMMBOJioB xjn) m npeoGpasyer Ka>KAyK) nocneAOBaTenbHocTb 1/13 64 

nepeAasaeMbix CHMBonoB b ee npeACTaeneHMe bo BpewieHHOM o6nacTii (KOTopoe HasbiaaeTca 
npeo6pa30BaHHbiM ci/iMBonoivi) c ncnojibaoBaHweM 64-TOHeHHoro o6paTHoro 6biCTporo 
npeo6pa30BaHiifl Oypbe. Ka>KAbiii npeo6pa30BaHHbiM cmmboji C0Aep>KMT 64 OTcneTa bo 
BpeMeHHOM o6nacTM, cooTBeTCTByKDiAnx 64 nonnbiM noAAnanaaohaM. 
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fljifl Ka>Kfloro npeoSpaaoBaHHoro cwMBona reHepaxop 854 L|MKni/mecKoro npecfJUKca noBTopaer 
MacTb npeo6pa30BaHHoro cuMBona flnn 4)opMMpoBaHMfl cooTBeTCTByrou^ero cmviBona MOPM. KaK 
OTMeMeHo Bbiiue, Mo>KeT i/icnoJib30BaTbCfl oflHa 1/13 A^yx pa3nMMHbix ahmh nnKnuMecKoro 
npectiMKca. L4MKnM4ecKMM npecjiMKCflnn BCH ct)MKCMpoBaH m paaen 800 hc. L4MKnMMecKMM npecfJiiKc 
flnfl Bcex ocranbHbix jpaHcnoprHbix KananoB mok&t Bbi6MpaTbCH (jim6o 400 hc, nM6o 800 hc) m 
yKasbiBaercn noneM flniiTenbHocTb mnoinMecKoro npecf^wKca b coo6i4eHMM BCH. flnn ciicTeMbi c 
lUMpiiHOM nonocbi 20 Mfu,, nepnoflOM flucKpeTnaaLiiin 50 hc m 64 noflflManaaoHaMH Ka>KflbiM 
npeo6pa3QBaHHbiM cmmboji i/iwieeT flniiTeJibHocTb jii/i6o 3,6 mc, nn6o 4,0 mc b aaBHCMMocTii or 
Toro, McnoJibsyercn nn flnn cMMsona MOPM L(MKnnHecKi/iH npi/isnaK flriMHOM 400 hc wnw 800 hc. 

(t)Mr.8D MJinKJCTpMpyeT cuMBon MOPM. Cumboji MOPM coctomt waflsyx Macreii: L|MKnMMecKoro 
npecjanKca, nivieroinero flnnTenbHOCTb 400 hjih 800 hc (8 hhm 1 6 OTCHejOB), m 
npeo6pa30BaHHoro CMMsoJia cflfiMTeribHocTbto 3,2 mc (64 oTCMera). l-lnKriMMecKUM npect)MKc 
flBnfieTCfl KonnePi nocneflHuxS nnn 16 otchstob (r.e. LinKnuHecKMM npoAon>KeHHeM) 
npeo6pa30BaHHoro CMMso/ia m BBOflHTcn nepefl npeo5pa30BaHHbiM cmmbohom. L4MKJii/mecKMM 
npecjanKC rapaHTupyei, hto cmmboji MOPM coxpaHaer CBoe cbomctbo opjoroHanbHOCTH npw 
Hani/mmi pa36paca MHoronyneBOM 3aAep>KKn, 5naroflapa MSMy yjiymuaeTCH ct^yHKi^MOHnpoBaHiie 
npn speAHbix sctJcjDeKTax rpaccbi, xaKnx kbk MHoronyneBe pacnpocTpaHeHwe m Ancnepcna 
KaHanoB, BbiaaaNHbie MacTOTHo-ceneKTHBHbiMi/i saMMpaHMflMn. 

reHepaiop 854 qnKnuMecKoro npecJjMKca noflaer hotok cmmbojiob MOPM k nepeAaiMMKy 856 
(nPflK) (TMTR). nepeflaTHMK 856 npeoGpasyeT hotok onMBonoB MOPM b oamh m;im 6ojiee 
ananoroBbix CHmanoB 11 aaieivi ycuni/iBaeT, 4)mibTpyeT 11 npeoGpaayer c noBbimeHneM HacroTbi 
ananoroBbie CMmanbi Ann cjjopMnpoBaHMfl MOAynnpoBaHHoro cumana, npwroAHoro pj\f\ 
nepeAaHM cooTBercTByioLAeH aHieHHofi. 

Cuman 6a30BOM nonocbi p,nf\ cuMBona MOPM MO>KeT 6biTb Bbipa>KeH kbk: 

xAt)= Xc„(jt)T„(it,0 . ypaBHeraie (3) 

rp,e /7o6o3HaHaeT ci/iMBonbHbiCi nepwoA (T.e. wHAeKc cHMBona MOPM); 
Aro6o3HaHaeT i/iHAeKc noAflManasoHa; 
A'jr nsnneTcn hi/ichom noAA'^anaaoHOB nmioT-ciirHaJia 11 Aannbix; 

c^(k ) o6o3Ha«HaeT cmmboh, nepeAannbiPi na noAAnanasone k cmviBonbHoro nepnoAa m 
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,j4*Af (,-T„-rt-j> ^ nT,<T< {n + l)r, ypaBiieime (4) 



■, B iiHOM c.m^ac 
rfle r^p flBnaercn AnnTenbHOCTbKD qnKHM'-ecKoro npect)MKca; 
IjecTb AnnTejibHOCTbCMMBona MOPH; n 
A/ ecTb LunpnHa noJiocbi HacroT Ka>KAoro noAAnanaaoHa. 

2. PeMMM npocTpaHCTBeHHoro MyjibTi/inneKCMpOBaHiiH - o6pa6oTKa nepeA aHM 
<t>Hr.9A nOKaabiBaer 6nOK-cxeMy nepeAaroiAero 6nOKa 900, oSecneHWBaioinero o6pa6oTKy 
nepeAaHM AJin pe>KiiMa npocrpaHCTBeHHoro MynbTHnneKcwpoBaHnq. BnoK 900 nepeAaHM 
npeAcraBJiner co6oh Apyroii sapMaHT ocyiAecTBneHnn nepeAaioiAeM nacru nynicTa Aocryna m 
nonbsoBaTenbCKoro repMMHana. flnn pe>KMMa npocTpancTBeHHoro MynbTMnneKCMpoBaHiin BHosb 
npeAnono>Kwivi, hto flOcrynHbi nejbipe nepeAaioiAMx aHTeHHbi m neibipe npMeiviHbix aHieHMbi, 
AaHHbie Moryr nepeAaaaTbcsi b npocTpancTBeNHbix Kananax HwcnoM flo nerbipex. flnn Ka>KAoro 
npocrpaHCTBeHHoro Kanana Mo>KeT wcnonbaoBajbcn oxnuHaiOLnaflCfl CKopocTb nepeAaHM b 
3aBMCMM0CTM OT nponycKHOM cnocoSHocTM nepeAaHM. Ka)KAan CKopocTb nepeAann wioKer 
accoL|MMpoBaTbCfl c KOHKpeTHOM KOAOBOM CKopocTbio M cxeMOM Mop,yn^\\\v\v\, KaK noKaaano b 
Ta6nML(e 25. B HM>KecneAyK)LAeM onMcaHWM npeAnonaraercn, hto A'^ npocTpancTBenHbix 
KSHanoB Bbi6npaK)Tcn Ana McnonbsoBaHMn A^n nepeAaHM Aannbix, tab n^^ <n^ <min{iv^ , jv^ }. 

B nPfl npoi^eccope 710b AaHHbix6noK 808 cJJopMHpoBaHHn kbapob KaApMpyeTAanHbie A-na 
KajKfloro naKera FCH/RCH ana renepaMMM OAHoro mjim 6onee KaAPOB PHY am naKera. Ka>KAbiM 
KaAP PHY BKTiiOHaeT b ce6a HecKonbKO Gmtob Aannbix, Koropbie Moryr nepeAasaTbcn bo Bcex 
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npocTpaHCTBeHHbix KaHanax b 6 cwMBonax MOPM. CKpeM6nep 810 CKpeM6nMpyeTflaHHbie 
flnsi Ka>Kfloro rpaHcnopTHoro KaHana. KoAep 812 npMHUMaer m KOAnpyei cKpeMSnMpoBaHHbie 
AaHHbie B cooTBercTBHH c Bbi6paHH0M cxeMOH KOAnpoBaHHH Ann nonyneHHfl KOAOBbix 6mtob. B 
BapnaHie ocymecTBneHiifl Mcnonbayeica o6ujiaa KOflMpyromaa cxena, HTo6bi KOAMpoeaTb 
AaHHbie p,m Bcex npocrpaHCTBeHMbix KaHanoB, a pasHbie KOAOBbie CKopocri/i Ana pa3Hbix 
KSHanoB nonynaroTca npope>KMBaHMeivi koaobbix 6mtob pasHbiMM npopejKHBarommviM 
liiaGnoHaMM. BnoK 814 npope>KMBaHna tgm caMbiM npopejKMBaer KOAOBbie 6MTbi, HTo6bi 
nonyHMTb>KenaTenbHyK) KOflOByKD CKopocTb a^a Ka>KAoro npocrpaHCTBeHHoro Kanana. 
npope>KMBaHMe A^a pe>KMMa npocTpaHCTBeHHoro MynbTunneKCupoBaHMq 6onee noApo6HO 
onMcaHO HM>Ke. 

AeiviynbTMnneKCop 81 6 npHHHMaer m AeMynbTunjieKCiipyeT KOAOBbie 6MTbi m3 6noKa 814 
npope>KMBaHnn pj\^ nonyHeHUJi A'^ hotokob KOAOBbix Smtob Ana A, npocTpaHCTBeHHbix 
KaHajiOB, Bbi6paHHbix Ana McnonbSoeaHkia. Ka>KAbiM noroK KOAOBbix 6mtob noAaerca Ha 
cooTBercTByioinMM nepeMe>KMTenb 81 8, KOTopbifi nepeMejKaer KOAOBbie 6MTbi b noTOKe no 48 
noAA>^ana30HaM ABHHbix. KoAnpoBaHne m nepeMe>KeHMe A-na pe}KMMa npocrpaHCTBeHHoro 
MyjibTiinjieKCHpoBaHMa 6onee noApoSno onucano HM>Ke. nepeMe>KeHHbie AaHHbie H3 Ka>KAoro 
nepeMe>KMTeJifl 818 noAawTca hb cooTBercTByioiAMM 6noK 820 nocMMBonbhoro OTo5pa>KeHMfl. 

B pejKMMe npocTpahCTBeHHoro MynbTMnneKCupoBaHUfl f\n^ nerbipex npocTpaHCTBeHHbix 
KaHanoB Mo>KeT McnonbaoBaTbca flo neTbipex pasHbix cKopocTeM nepeAani/i b aaBMcuMocTii ot 
OTHOiueHMsq C/LLI p,u^ npMHaToro Ckimana, nonyneHHoro A-na stmx npocTpancTBenHbix KananoB. 
Ka>KAafi CKopocTb accoL|MMpyeTCfl c KOHKpeTHOM cxeMOM MOAyJiflL|MM, KaK noKaaaHo b TaSnnLie 
25. Ka>KAbiM 6noK 820 nocuMBonbHoro OTo6pa>KeHMa OTo6pa>KaeT nepeMe>KeHHbie AaHHbie b 

COOTBeTCTBMM C KOHKpeTHOM CXeWloCi MOAyJlflL|MM, Bbi6paHHoCi A^l^ aCCOL(MI/ipOBaHHOrO 

npocTpaHCTBeHHcro Kanana, htoSbi nonynHTb CHMsonbi MOflynnL|mi. Ecnn see nsTbipe 
npocTpaHCTBeHHbix Kanana Bbi6paHbi Ana ncnonbsoBaHMa, to 6noKM 820a-820d noci/iMBonbHoro 
CToSpaxeHMn oSecne'HMBaiOT ^eTbipe noTOKa cmviBonoB MOAyjiflMMM Ana HOTbipex 
npocTpaHCTBeHHbix KananoB k flPfl npocTpancTBeHHowiy npoL|eccopy 720b. 

nPfl npocTpaHCTBeHHbiM npoqeccop 720b BbinonnaeT npocTpaHCTseHHyio o6pa6oTKy Ana 
pe>KMMa npocTpahCTBeHHoro MynbrnnneKCMpoBaHna. flna npociorbi, HtDKecneAytoiiiee onwcaHne 
npeAnonaraeT, mto Ann nepeAann ASHHbix Mcnojib3yK)Tca neTbipe nepeAaioiAnx aHTenHbi, 
MeTbipe npiieMHbix aHTeHHbi v\ 48 noAA>^ana30HOBAaHHbix. l/lHAeKCbi noAAi^anasoHOB Aannbix 
aaAaiOTca Ha6opCM ^ , rAe ^ =±{1, 6, 8, 20, 22, 26} Ana oniicaHHOii Bbiiue 
CTpyKTypbi noAAnanaaoHOB M0P4. 

MoAeJibAna ci/icTeiuibi MBxMBbix-MOPM M0>KeT6biTb BbipaTKena kbk: 

r(*)=*H(i)x{jt) + n(j!:) , j^sLk^K, VpasHeHHe (5) 

TA© rjk) aenaeTCfl "npMHaTbiM" seKTOpOM c nSTbipbivia cocraBnnioiAiiMM Ana cmmbojiob, 
npHHSTbix HeTbipbMfl npneMHbiMM aHTennaMM Ana noAAi^anaaoHa A-(T.e. 
r(k)^[r,(k) r,(k) r,{k) r,(k)J )- 

x(k) ABnaeTCfl "nepeAaHHbiM" BeKTopoM HeibipbMn cocTaBnatoinnMM Ann nerbipex ciiMBonoB, 
nepeAaHHbix neibipbivin nepeAaKiLAmvin BHieHHaMn Ann nOAAnanaaoHa k (T.e. 

x(k)^[x.(k) x,(k) x,(k) x,(k)J ); 

H_(k) - MaTpm^a KanaJibHbix otkhmkob pasMepoM (JVjj xJV'r ) noAAnanaaona k, i/i 

n(k) - BeKTop aAAMTMBHoro 6eJioro fayccoBCKoro myivia (ABfUJ) (AWGN) Anf noAAnanaaona k. 

npeAnonaraeTca, hto LuyMoeoM bcktop n,;Jt; nivieeT KOMnoHeHTbi c nyneBbiM cpeAHUM m 
K0Bapi/iaL|H0HH0H MaTpMnefi a„ = a^/ . tas /- eAMHHHnaa MaTpm^a, - Ancnepciia myivia. 

MaTpMMa H(k) KananbHbix otkjimkob Ana noAAManasona k M0>KeT 6biTb Bbipa>KeHa KaK: 
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KAf^) Kzik) \,(k) h,^,(k) 

Kii^^) 

K^k) \,ik) \,(fe) 1i,^,{k) 

h,,ik) \,{k) h,^ik) \,{k) 



YpaBHeHHe (6) 



rfle cocTaBnqromafl ih/k) , fljiq ^{1 ,2,3,4} m ^{1 ,2,3,4}, npeflcraenfleT co6om CBsiab (i.e. 
KOMnneKCHoe ycMneHwe) Me)KHy nepeflaroinefi aHieHHofi /h npMeMHofi aHreHHofi /flnn 
noflflnanasoHa /r. flna npocTOibi, npeflno/iaraeTcn, HTOMarpuLibi H_(k) KaHanbHbixoTKJinKOB 
Ana M3BecTHbi nnn MoryT6biTbycTaHOBneHbi kbk nepeAaTHUKOM, laKH npneMHUKOM. 

MaipuLia H_{k) KaHanbHbix otkjihkob a^s Ka>Kfloro noAA^anasoHa MO)KeT 6biTb cflejiaHa 
"AnaroHanbHOM" A^fl nonyMeHUfl SToro noAA^anaaoHa jv^ co5cTBeHHbix moa- 3Toro mo>kho 
AOCTMHb nyrewi BbinojiHeHHfl AeKOMnoamiHH no co6cTBeHHbiM SHaneHMjiM KoppenflL|MOHHOPi 
MarpuMbi OT H(k) , onpeAenneiviOM cooTHOLueHneM R(k) - u^(k )u(kj , rp,e ii"(k ) 

o6o3HaHaeT conpfl>KeHHyK) TpaHcnoan^mo or H(k) . fleKOMnoanMnq no co6cTBeHHbiM 
SHaneHMflM KoppenjiuMOHHOM MaipuMbi a;'k) mokst 6biTb Bbipa>KeHa kbk: 



rfle y(k) flBnaercn eflMHHHHOH Marpimeii paaiviepOM {n\ xN^ ), CTonQMbi kotopoh 
npeACTasjiaKiT co6oPi co6cTBeHHbie aHaneHiia R{k) (i.e. 

K.(^) = hi(^) , yp,eKa>moe v.(k) nensqejca co6cTBeHHbiM eeKTopoivi 

Ana OAHOM C06CTBeHH0M MOAbi); M 

D(k) flBJiaerca AnaroHanbHOM MarpHqeti pasMepoM (A^^ xiVy ) co5cTBeHHbix3HaHeHMM fif'A) , 
EAMHMHHaa Marpuqa xapaKTepi/isyeicfl cbomctbom m''m=i . CoBcTBeHHbie BCKTopbi Vi(k ) 

Ana ,2,3,4} HaabieaiOTca raioKe BeKTopaiviM ynpaeneHna nepeAanePi Ana Ka>KAoro m3 

npocTpaHCTBeHHbix KaHanoB. 

MaipuMa H(k) KaHanbHbix OTunnKOB woKer 5biTb laione npeoepasoBana b Ai^aroHanbHyio c 

McnonbaoBaHkieM AeKOMno3i/iL|MM no CMnrynapHbiM SHaneHMsiM, hto M0>KeT 6biTb Bbipa>KeHO KaK: 



rfle v{k) aenaerca MaTpm^eii, CT0n6qbi KOTOpOM npeAcraenaiOT coSoii npaebie 

COSCTBeHHbie BeKTOpbl H(k) ; 

l(k) flsnaeTcn AwaroHanbHoiS MaTpiiqeM, coAep>Kai4eM cwHrynapHbie SHaHeHna H(k) 
KOTopbie asnaiOTca nono}KiiTe;ibHbiMM KopnaMM KBaAparHbiMn Ai^aroHanbHbixaneMeHTOB D(k) , 

C06CTBeHHblX3HaHeHMM R[k) ; kl 

U(k) npeACTaanaeT co6ofi Marpimy, CTOJi6i4bi KOTopofi aanaioTca nesbiMH co6cTBeHHbiMM 

BeKTOpaMM H(k) . 

fleKOwinoaimMn no CMHrynapHbix 3HaHeHMaM onucana b KHiire Gilbert Strang "Linear 
Algebra and Its Applications" ("Jli/iHeiiHan anreGpa i/i ee npuMenenMa"), Second Edition, 
Academic Press, 1980. KaK nOKaaanc b ypaBHCHnax (7) ii (8), CTCn6qbi MaTpnqbi V(k) 
asnaroTca co6cTBeHHbiMM BSKTopaMM B(k) , a raioKe npaobiMn co6cTBeHHbiMM 
BeKTopaMM Ki^) . CTon5Mbi waxpi/mbi Vi'k) asnaioTca co6cTBeHHbiMM 

BeKTOpaMM il(k}}i'^;k) , a TaK>Ke neSblMM C05CTBeHHblMH BeKTOpaMM H(k) . 

flwaroHajibHaa wiaTpMLia D(k) Ana Ka)KAoro noAAnanaaona coAep>t<nT HeoTpMLiaTenbHbie 
AeiiCTBi/iTenbHbie aHaHGHuia BAonb A^aroHani/i m Hynii BOcraribHbix nosMLfnax. Co6cTBeHHbie 
SHa^eHMa ^k) o6o3HaMaiOTca 

KaK{K^(k) A,(k) X,(kj kjk)] vtm {X,(k)} f^^^\-e{^,2,^A}. 

AeKOMno3iiL(iia no co6cTBeHHbiM 3Ha*HeHiiaM MO}KeT BbinonHarbca HoaaBMCuiMO Ana MarpiiLibi 
H(k) Kana/ibMbix otkjimkob Ana Ka}KAOro m3 48 noAA^ana30HOB AaHHbix, nroSbi naMTM nerbipe 



R(k) = V (t)D(A:)y " (t) ,mikeK, 



ypaBHCHHe (7) 



ypaBHCHHe (8) 
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co6cTBeHHbix MOflbi flHH 3Toro noA£^nana30Ha (b npeflnoJio>KeHMM, mto Ka>KAafl MaTpuqa H/k) 
flBnaeTcn nonHopaHroBOM). Meibipe co6cTBeHHbix aHaHeHun fljin Ka>Kfloti fluaroHanbHofi 
Marpnqbi D{k) Mo>KHoynopaAOHMTbTaK, mto lx/k) >k,(k) >K-Jk) > XJk)} , rp,e \ (h) 

SIBnneTCn Hai/l60nbLUHM COSCTBeHHbIM SHaHeHHeM, a l^ik ) nBJlfleTCn HaMMeHblUMM 

coScTBeHHbiM SHaneHHewi flnn noflflwanaaoHa k. KorAa co6cTBeHHbie aHaneHMfl A-nfi Ka>KfloPi 
AMaroHanbHOii Marpni^bi D(k) ynopnAOneHbi, co6cTBeHHbie seKTOpbi (mjim CT0Ji6i^bi) CB^aaHHOii 
MarpuLibi v{k) TaK}Ke ynopnAO^eHbi cooTBercTBeHHo. 

"LLlMpoKononocHan" co6cTBeHHafl MOfla Mo>KeT 6biTb onpeAeneHa KaK Ha6op coScTBeHHbix 
MOA OAHHaKOBoro nopflAxa Bcex noAAnanaaoHOB nocne ynopjiAOHeHMn (i.e. mupoKononocHaa 
co6cTBeHHan MOfla /77BKnK)HaeT b ce6n co6cTBeHHbie MOflbi /77Bcex noAAi^anaaoHOB). Ka}KAaa 
lunpoKononocHaa co5cTBeHHaa MOAa accoL\MMpyeTca ccooTBeiCTByiOLUMM Ha6opoM 
co6cTBeHHbix seKTopoB An?) Bcex noAAwanaaoHOB. 'TjiaBHaa" mupoKononocHaa co6cTBeHHaa 
MOAa accoLiMwpyeTcn c Han5onbmMM cnHrynapHbiM aHaneHMeM b Ka>KAOH m3 Maipim f,(k) nocne 
ynopaAOHeHMa. 

3aTeM MOKHO cc|3opMMpoBaTb eeicrop a" pj\^ BitniOHeHMn b Hero co6cTBeHHoro aHaneHiia m- 
Horo paHra Bcex 48 noAflnanaaoHOB AaHHbix. 3tot bsktop <i" mokbt 6biTb Bbipa)KeH kbk: 

d" =[4,(-26) ... 4(-22) .../l^(22) ... /L(26)] , jyia m=a2,3,4} . YpaBHeHHC (9) 

BeKTOp BKniOHaeT b ce6n co6cTBeHHbie zhbmbhw^ a^r HaiinyHLueM mjiui maBHOii 

lUMpOKOnonOCHOM C06CTBeHH0M MOAbl. flnfl CMCTeWbl MBxMBbix-MOPM c 4eTbipbMq 

nepeAaKJLUMMM aHTeHHawn w Merbipbiuiq npi/ieMHbiMM aHreHHaiuin (i.e. CMCTewa 4x4) MMeercfl ao 

MSTbipeX lilMpOKOnonOCHblX C06CTBeHHblX MOA 

Ecnn AMCnepcun a mywia b npnGMHUKe nocTOnHHa no pa60HeM ncnoce m nSBecTHa b 
nepeAaTHHKe, to OTHoiueHMe C/LU b npiiHnTOM cHmane Ann Ka>KAoro noAflHanaaoHa KawAoii 
lUMpOKOnonocHOM co6cTBeHHOi?i wiOAbi mo>kho HafiTM AeneHHewi co6cTBeHHOro 3HaHeHHn 'kjk) 

HaflMCnepCMK) rr myivia. flna npocroTbi mo>kho npeAnonOKWTb, mto Ancnepcna myivia pasHa 
eAMHML^e (T.e, {/=1). 

fljin pejKHwia npocTpaHCTBeHHoro MynbTMnneKCupOBaHiifi nonHafi MOiiiHOCTb p^^^^ nepSAaHH, 
AOCTynHan flnn nepeAaTHMKa, MOJKeT 6biTb HaiiAeHa Ann lUHpCKOnonocHbix moa na ccHOBe 
pa3nnHHbix cxewi pacnpeneneHMn moi^hocth. B oahoh cxeiwe nonHan MOinHOCTb p^^^ nepeAasi/i 
paBHOMepHo pacnpeflenneTCfl no acew neTbipeM lunpoKononocHbiM co6CTBeHHbiM MOAaw, lav. 
HTO = p^^i 14, TAe p^ npeflcraanneT co6ofi MoinHOCTb, BbifleJieHHyio p,ni\ lunpoKononocHOM 
co6cTBeHHOM MOAbl . B APVroM cxewe nonHan MOinnocTb p^^ nepeAann pacnpeAsnneTon no 
nerbipeivi lUMpCKononocHbiM co6cTBeHHbiM MOAawi c nowiombio np0L4eAypbi "paabaBneHUfl" 

(C03AaHMJ1 M35blTKa MHCflOpMaMMM). 

npOMeAypa pa36aBneHkiH pacnpeAenneT MOiAHOcrb tbk, hto lUHpOKOnonocHbie co6cTBeHHbie 
MOAbl c 6onee bncokhmm ycujieHun moiuhoctm nonynaiOT 66nbLuiie Hacru nonnofi moiahoctm 
nepeAaHM. BejikiHHHa molahocti/i nepeAani/i, BbiAeneHHOki saAaHHOM LUMpCKOnonocHCM 
co6cTBeHHoPi MOAS, onpoAenneTcn ee OTHOiueHiieM C/UJ b npunnTOM cumane, KOTopoe b cbokj 
onepeAb aaBMCwr or K03C|3C|DMi4MeHTOB yCMnehna MOmHOCTH (wnii co6cTBeHHbix aHaneHMM) flnn 
Bcex noAAnanaaoHOB stow iunpoKononocHOM co6cTBeHHoii moah. flpoi^eAypa paaSaaneHMn 
MOKBT BbiAenflTb HyneByK) MOLAHOCTb nepeflann lUkipOKOnonocHbiM co6cTBeHHbiM moasm c 
AOCTarOHHO cnaSbiMw OTHOujeHHaMi/i C/UJ. FlpOLieAypa paaCaeneHUH npHHUMaei 
^={Pi. p2- Ps' P4} Ann neibipex ujMpOKOnonocHbix co6cTBeHHbix MOfl, FAe 

npeACTaBnneT C06oM K03C|3C|3l1L|MeHT HOpMlipOSKM A-nn LUMpOKOnonOCHOM C06CTBeHH0M MOAbl m 

i/i MO>KeT 6biTb Bbipa>KeH KaK: 

0„ — , WTH m={l,2,3,41 . ypaBHCHHe (10) 
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Koact^ctJMLiMeHT p„ HopMMpoBKH noflAep>KHBaeT MoiUHocTb nepeflaHM, Bbi^eneHHyio 

lunpoKonojiocHOM MOAe m, nHBapnaHTHoii nocne nprnvieHeHMa nHBepcmi KaHanoB, KaK onucaHo 
HM>Ke. KaK noKaaaHO BypaaHeHMH (10), K03Ct)c|DniJiHeHT p„ hopmmpobkm M0>KeT6biTb nojiyHeH na 

^ ocHoae co6cTBeHHbix aHaneHi/iii b Beicrope m b npeAnojio>KeHiin, hto AMcnepcun myiwia pasHa 
eAMHuqe (i.e. 

npoqeAypa pa36aBneHkifl aareivi onpeAenaej aojik) nojiHOii moluhoctm nepeAanki A^ia 
BbiAeneHMH Ka}KAOH ujHpoKononocHoDi coScTBeHHOw MOAe Ha ocHOBaHHM HaSopa raK, hto 

cneKTpanbHan acficjjeKTMBHOCTb mjih KaKOw-nnSo whom KpniepMii onrMMiiaiipyeTcn. MoiAHOCTb 
nepeAanii, Bbifle/ieHHan lUMpOKononocHOfi coScTBeHHoPi moa© /nnpOMeAypowpaadaBneHun, 
MOJKex 6biTb Bbipa>KeHa KaK: 
K^^-m ^totai • fl^^ ^ {1,2,3,4}. VpaBHeHne (11) 

PacnpeAeneHna moiuhoctm a^h nexbipex luwpOKononocHbix coScTBeHHbix moa MOryr 6biTb 
IS saAaHbi nocpeflCTBOM ffl = ixi, u... 1*3, u,^} , rfle =1 m * , ■ Pe>KMM 

npocrpaHCTBeHHoro MyjibiMnneKCkipoBaHMn M0}KeT6biTb Bbi6paH aj^^ McnonbaoBaHMsq, ecnM b 
HaSope a 6ojiee>HeMOAH0 3Ha>HeHMeaB;ijqeTCflHeHyjieBbiM. 

20 npoqeAypa pa36aBJieHMa naeecTHa s ypoBHe tcxhmkh h He onMCbiBaercfl SASCb (cm,, 
HanpMMep, pa6oTy "Information Theory and Reliable Communication" ("HHCpopiviaLiMOHHafl 
reopua 1/1 HaAe>KHaa CBa3b") Robert G, Galtager, John Wiley and Sons, 1968, KOTOpaa 

BKHHDHeHa CiOp,a nOCpeACTBOM CCblJIKH). 

fljiH pe>Ki/iMa npocTpaHCTBeHHOro MynbTunneKCupOBaHUH CKOpocTb nepeAani/i Ka>KAOro 
2g npocTpaHCTBeHHOro Kanana v\nv\ lUMpOKOnonooHOM co6cTBeHHOM wOAbi mokst Bbi6MpaTbCH na 
ccHOBe OTHOujeHHH C/LIJ B npHHHTOM CMrHajie, AOCTHmyroro 3thm npocTpaHCTBeHHbiM 
KaHanOM/LuiipCKOnonocHCi^ co6cTBeHHCi^ moaom c BbiAejieHHOii MOL4HOCTbio nepeAaHH. 
npocTOTbi HM}KecneAyioLAee onucaHne npeflnonaraer nepeflany AaHHbix Ha luiipoKononocHbix 
co6cTBeHHbix MOflax. OTHOLueHne C/LU b npuHATOM cumane AJ^f Ka)KAOM lui/ipoKonoJiocHOM 

30 C06CTBeHH0fi MOAbI MOMBT 6blTb Bbipa>KeHO KaK! 

7. 'Mr. • fl™ ^t"" ■2.3,4}. VpaBHeHne (1 2) 

a„ 

B OflHOM BapHaHTe ocyiAecTBneHMn CKOpocTb nepeAanw A^n Ka>KflOM ujMpOKOnojiocHOii 
coScTBeHHOii MOflbi HaxoflMTCn na ochobs Ta6nMLibi, KOropan BKniOHaer b ce6n CKOpoc™, 

35 noflAep>KMBaeMbie CMcreMOM, 11 AManaaoH oTHoiueHMi^ C/UJ p,na Ka)KAoi!i CKopocTM nepeAa^n. Sra 
TaSnwLia M0>KeT6biTb nojiyHena KOMnbtorepHbiM MOASnMpOBaHiieM, 3ivinMpMHecKMMM 
M3MepeHHqMM M T-A- KoHKpeTHan CKopocTb nepeflaMM Ann McnonbaoBaHnq p,nsi Ka>KAOi^ 
ujHpOKOnonocHOio coScTBehHOui MOAbi npeACTasneHa CKOpocTbfO b jaSnnne c AnanaaoHOM 
CTHoiijeHMH C/tU, noKpbiBatoLUMM oTHomeHne C/IU b npuHnroM curHane LUMpoKononocHOM 

40 coScTBeHHOi^ MOAbi. B ApyrOM BapwaHTe ocymecTBJieHna CKOpocTb nepeAanii Ana KajKAOM 
LiiMpoKononocHOM co6cTBeHHoCi MOAhl BbiBupaeTca Ha ocHose (1) oTHOLueHMn C/LU b npuHaioM 
curHane Ann lUMpOKOnonocHOH co6cTBeHHOH MOAbi, (2) CAsura C/LU, ncnonbayewioro Ann 
pac^era oiumSkm oLienKM, HenocToqHCTBa b Kanane MBxMBbix m Apyrux cJjaKTopoB, m (3) 
Ta6nMi4bi noflAep>KiiBaeMbix cKopocreii h nxTpeSyewbix C/UJ. flnfi aToro sapHaHra 

45 ocyiAecTBJieHMfl cHa^ana BbNHcnflercn cpeAHee npwHflToe C/UJ p,na Ka>KAOM lUMpoKononocHOM 
co6cTBeHHOM MOflbi, KaK onMcaHo Bbilue, HnM B Ka4ecTBe cpeAHero m3 npiiHATbix C/LU (b 
eAMHML(axfl5) flna Bcex noAAManaaoHOB lunpoKononocHOM coScTseHHOM MOAbi. B nioSoM cnynae 
sareM BbiMMcnneTcn paSoMee C/UJ KaK cywiMa C/LU b npHHaroM cMrnane m cABMra C/LU (rfle o6a 
saflaHbi B flB). Pa6oMee C/UJ cpaBHi/iBaeTCfl saieM cxpeSyeMbiM C/LU flna v.ayv.p,o^\ m cKopocreiS, 

50 noAAep>KMBaeMbix cucTeMoi^. flnn lUMpoKononocHoii co6cTBeHHOM MOflbi Bbi6MpaeTCfl aareivi 
HaMBbiciiiaq cKopocTb b Ta6nMij,e cTpe6yeMbiM C/LU, Koropoe MeHbiue, MeM nnn paBHo pa6oMeMy 
C/UJ. CKopocTb flJia pe>KiiMa pasHecenHfl nepeAanw h pe>Ki/iMa ynpaBnenun nynoM M0}KeT TaK}Ke 
HaxoAHTbcn aHanornHHbiM o6pa30M. 
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MoiUHocTb p nepeflaMH, BbifleneHHan A^n Ka>KflOH ujiipoKononocHOH co6cTBeHHOH MOflbi, 
MO)KeT 6biTb pacnpeAenena no 48 noAAnanaaoHaM flaHHbix 3Tom mnpoKononocHOi?! coScTBeHHoti 
MOAbi TBK, HToSbi C/lil B npHHflTOM cwmajie A"*! BCBx n0AAi^aria30HOB 6bmM npii6jnM3iiTenbHO 
paBHbiMii. 3to HepasHOMepHoe pacnpeAejieHne moiahoctm no noAAManasoHaM HasbiBaercq 
MHBepCHew KaHanoB. MoinHOCTb PJk) nepeflaHw, BbiAeneHHan Ka>KAOMy noAAHanaaoHy, MO)KeT 

6biTb Bbipa>KeHa kbk: 

P a.) = &&^ , jyna.k&K m = {1,2,3,4}, YpaBHeHHe (13) 

rfle P„ saflaeTCfl b ypaBHeHUM (10). 

KaK noKasaHO b ypaBHeHUM (13), MOinHOCTb nepeAaHn pacnpeAejiaercyi HepaBHOMepHO no 
noAAi^anasoHaM A^HMbix Ha ocHOBe nx KaHanbHbix K03ct>ct)Mi4iieHT0B yckineHM5i molahoctm, hto 
saAaeTcacoScTBeHMbiMMSHaHeHMJiMM j.^f'fc^ ,Ana* e*' . PacnpeAsneHne moiahoctm raKOBO, 

HTO npM6nH3HTenbHo pasHbie C/LU b npiiHATOM cumane flocri/iraiOTcn b npHeMHWKe A^fl Bcex 
noAflnanaaoHOB AaHHbix Ka>KA0M ujupoKonojiocHofi co6cTBeHHOM moan. Oia MHBepomi KaHanoB 
BbinonHneTcn HeaaBHCHMo Ann kso^ow m neibipex lui/ipoKononocHbix coScTBeHHbix moa- 
MHBepcMfi KaHanoB ajia LUMpoKononocHOM oo6cTBeHHOM MOAbi 6ojiee noAPo6HO onwcaHa b 
nareHTHOM sasBKe CLUA Na 10/229.209 Ha "KoAMpoBaHHbie CHcreMbi MBxMBbix c BbieopoHHofi 
MHBepcMePi KananoB, npHMeHaeMoPi ajia co6cTBeHHoPi MOflbi", noAaHHOM 27 asrycra 2002. 

MHBepcun KanaJiOB M0>KeT Bbino/iHATbca paaJinHHbiMn nyraMH. flna nojiHOM MHBepcMH 
KaHanoB ace noAAnanaaoHbi AaHHbix McnonbsyiOTCfl A^a nepeAanM AaHHbix, ecnn 
LunpoKononocHaa coGcTBehHaa MOfla Bbi5paHa a^^ Mcnonb30BaHM3. flna Bbi6opoHHOM nHBepcwn 
KananoB Bce nnn noAHa6op AOcrynHbix noAKaHanoB Aannbix Moryi 6biTb Bbi6paHbi A-na 
McnonbaoBaHMfi AJ^a Ka>KA0M LUMpoKononocHoti co6cTBeHHoPi MOAbi. Bbi6opoHHaa MHBepcua 
Kana/iOB oiGpacbiBaer cna6bie noAAnanaaoHbi c OTHOUjeHneivi C/LU npuhaToro curnana HM>Ke 
KOHKpeTHoro nopora m BbinonHaeT nHBepcmo Kananoa TonbKO na Bbi6paHHbix noAflnanasoHax. 
Bbi6opOHHaa kiHBepCMn KananOB Ann vSMppvi LUkipOKOnonocHOki co6cTBeHHOki moan raioKe 
onucana b nareHTHoPi sasBKe CLUA Na 10/229.209 na "KoAMpoBanHbie cucreMbi MBxMBbix o 
Bbi6opOHHOM HHBepCkieki KananOB, npHMeHneiviOM p,m co6cTBeHHOki moan"), nOAaHHOii 27 
aarycTa 2002. Ann npocroTbi HM>KeoneAyK)LAee onuoaHiie npeAnonaraer, hto nojiHan nHBepcua 
KawanOB BbinonHnercn Ann Ka>KAOM lUMpOKOnonocHOH co6cTBeHHOM MOAbi, BbidpaHHOii Ann 
Mcnonb30BaHMn. 

ycMfieHHe Ann MCnonbSOBaHun A-nn Ka)KAOro nOAAnanaaoHa Ka>KAOM lUMpOKOnonocHOM 
co6cTBeHHOM MOAbi MO>KeT SbiTb HawAeho Ha ooHOBe MOinHOCTM p^ (k ) nepeAaHM, BbiAeneHHOM 

3T0My noAAnanasoHy. ycujieHiie g^(k) Ann Ka>KAoro noAAnanaaoHa AaHHbix mokbt 6biTb 

Bbipa>KeHO KaK: 

S„i^) = 4^0^) , /iJra ^ e H ro = {1, 2 , 3, 4) , ypaBHemie (14) 

flnn Ka>KAoro noAAnanasona mo>kho onpeAenmb AMaroHanbHyio MaTpuqy G(k) ycujieHna. 

3Ta MaTpML\a G{k) BKHWHaei b ce6n K03ct)ct5Mi^i/ieHTbi ycnneHun Ann nerbipex co6cTBeHHbix moa 

Ansi noAA>^ana30Ha ^BAonb Ai^aronani/i m Mower 6biTb Bbipa>KeHa KaK: 

G(k)=dia^g,(k), s,(kX s,(k), g/k)] . 

flnn pe>KMMa npocTpaHCTBeHHoro MynbTunneKCupoBaHiin aeicTop x(k) nepeAaHM Ann 

Ka>KAoro noAAi^anasoHa mojkgt 6biTb Bbipa>KeH KaK: 
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x(&)- V{A:)G(i)s(*) , ^jmk&K , YpaBHeHHe (15) 

s(it) = [A,(fc) s,{k) s,{k) s,ik}f , H 
m = ix,ik) x,ik) x,ik) x,(fc)f . 



BeKTop s(kj BKHNDHaer B ce6a Meibipe cuMBona moayhjilimm, noA/ie>Kaii^MX nepeAane Ha 
MeTbipex co6cTBeHHbix MOflaxAn^i noflflnana30Ha k, a Beiaop x(kj BKJiioHaeT b ce5a neibipe 
CMMBona nepeAaHM, noAnexaiMne nepeAa^ne nerbipbMfl aHreHHaMi/i Ann noAA^anasoHa k. p^n 
npocTOTbi ypaBHeHne (15) He BKntO'naeT b ce6n K03Cj3Ct)MMMeHTbi KOppeKLiuM, Mcnonbayeivibie p,n?\ 
pacHexa paajinHnw Me>KAy qenaMH nepeAaHM/npneivia b nyHicre Aocxyna M nonbsoBarenbCKOM 
TepMMHane, hto 6onee noApodno onucano HM>Ke. 

0nr.9B noKaabieaeT 6noK-cxeiviy BBpnaHTa ocymecTBJieHun riPfl npocTpancTBeHHoro 
npoLieccopa 720b, oSecneHMBatoinero BbinonHeHne npocTpancTBeHHOM o6pa6oTKM A^a pe>KMMa 
npoCTpanCTBeHHOro MynbTunneKCMpOBaHna. flna npoCTOTbi HM>KecneAyK)ii|ee onMcaHne 
npeAnonaraer, hto Bce neibipe lUMpoKonojiocHbix co6cTBeHHbix moah BbiSMparoTCJi Ana 
Mcnonb30BaHkifl. OAHaKO Moryr raioKe Bbi6iipaTbCfl a^^^ ncnonbaoBaHi/ifl ivieHee neiui ^erbipe 

LUMpOKOnOJIOCHblX C06CTBeHHblX MOAbl. 

B npOLieccope 720b AeMynbTwnneKCOp 932 npuiHUMaer neibipe noroKa cmviBonoB MOAyJiflMHf 
(o6o3HaHeHHbix KaK - sjn) ), noAnejKaiAHx nepeAane na HeTbipexmnpoKononocHbix 

co6cTBeHHbix MOflax, fleMynbTMnneKCMpyer Ka>KAbiM hotok na 48 noflnoTOKOB flnq 48 
noAAnanaaoHOB AanHbix, m noAaer nerbipe noflnoroKa cmmbojiob Mopymi^vwA fxna Ka)KAoro 
noAflnanaaoHa AanHbix k cooTBeTCTByK)Lij,eMy flPfl noAAManaaoHHOiviy npocxpaHCTBeHHOMy 
npoMeccopy 940. Ka>KAbiM npoL|eccop 840 BbinonHfler o6pa6oTKy, noKasaHhyio BypaBheHUH (15) 
AHsi OAHoro noAAnanaaoHa. 

B Ka>KAOM nPfl noAA^ianaaoHHOM npocrpaHCTBeHHOM nponeccope 940 nexbipe noflnoTOKa 
CMMBonoB MOAynaLiMM (o6o3HaHeHHbix KaK s ik) - s,(k; ) noAahOTCfl Ha nexbipe nepeMHOKurejifl 
942a-942d, KOTopbieraiOKenpMHnMaioTycMneHMa g. (/<■,) , Siik) , g..(k) v\ gjk) A^fiHeTbipex 
co6cTBeHHbix MOA accoi4HMpoBaHHoro noflAnanasoHa. Ka>KAbm K03c|Dc|3ML|neHT gjk) ycuneHMjq 
Mo>KeT6biTb HaMAen na ocHOBaHnn moiuhoctm PJk) nepeAann, BbifleneHHOM aroMy 
noAflnanaaoHy/coScTBeHHOM moa©, iok noKaaaHo b ypaBHenmi (14). Ka>KAbiM nepeiviHo>KMTenb 

942 MaCLUTa6HpyeT CBOM CUMBOnbl M0AynflL|l/1H l/IX K03Ct»Ct»MLllieHTaMM g^(k) , HTOSbl 

o6ecneHHTb MaciuTaSMpOBanHbie cmviBoribi Mop^T\?\uyiv\. nepeMHO}KMTe/iui 942a-942d noAan^T 
Heibipe noAnoTOKa MacLjjTa6MpoBaHHbix cuMsonoB MOAyJiaqMn na neibipe ctDopMnpoBareji^i 
950a-950cl Jiyna cooTBeTCTBeHHO. 

Ka>KAbiM ctJopwinpoBarenb 950 nyna BbinonHfler c|DopMi/ipoBaHne nyna Ana nepeAaHU OAHOro 
noTOKa cuMBonoB na oahom co6cTBeHHOM moas OAHoro noAAi^^anaaoHa. Ka)KAbiM 
cjjopMnpoBaTejib 950 nyna npuHmwaeT oahh noAnoTOK (k ) cmmbojiob m oamh co6cTBeHHbiM 
BeKTop v^Jk) flfifl accoL(HMpoBaHHoro co6cTBeHHoro pe>KMMa. B HacTHoc™, clDopMi/ipoBarerib 
950a nyna npuHwiviaeT co6cTBeHHbiM Beirrop Vy(k,) pp'f\ nepsoti coScTBeHHOM MOAbi, 
(jDOpMHpoBaTejib 950b ny^a npuHMMaer co6cTBeHHbiM bsktop v,! a™ btopoh coScTBeHHoPi 
MOAbi M T.A. OopMnpoBanne nyna BbinonHaerca c noMOiAbio co6cTBeHHoro Beicropa A-na 
accoLfMMpOBaHHOii coScTBeHHOM MOAt>i. 

B Ka>KAOM ctiopMHpoBarejie 950 ny>-ia iviaciuTa6MpoBaHHbie cuMBonbi MOAynaLinn noAawTCfi na 
HSTbipe nepeMHOKMTena 952a-952d, KOTopbie laioKe npuHUMaror neibipe 3JieMeHTa: , 

, ^r,r^(^) V[ v„^(k) co6cTBeHHoro BeKTopa f jfcj Ann accoLinnpoBaHHOM co6cTBeHHOM 
MOAbl. Ka>KAbiM nepeMHO}KiiTenb 952 sareM nepeMHo>KaeT MacLUTa6MpoBaHHbie CMMBonbi 
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MOflynaL;MM c mx sHaMeHMeivi v^,:(ti) co5cTBeHHoro BeKTopa flnn nonyMeHMfl cmmbojiob 
"cctJopMnpoBaHHoro nyna". nepeMHO}KLiTenM 952a-952d noflaiOT Heibipe noflnoroKa chmbohob 
cct)opMnpoBaHHoro Jiyna (Koropbie flo/wKHbi nepeflaeaTbCH HeTbipbMfl aHTeHHawH) Ha cyMMaropbi 
960a-960d cooTBeTCiBeHHO. 

Ka>KflbiM cyMMBTop 960 npuHMMaer m cyMMMpyer neTbipe cwMBona ccfiopMiipoBaHHoro nyna 
Ana HeTbipex co6cTBeHHbix MOflflnji Ka>Kfloro CHMsonbHoro nepnoAa A^a noAanii 
npeABapmenbHo npeo6pa30BaHHoro cuMBona b cooTBercTByiomyK) nepeAaKjinyio aHTSHHy. 
CyMMaropbi 960a-960d noAawr nerbipe noAnoroKa npeABapmenbHO npeo6pa30BaHHbix 
CMMBonoB flna nerbipex nepeAaioi^Hx aHxeHH b 6yct)epbi/MynbTnnneKcopbi 970a-970d 

COOTBerCTBeHHO. 

Ka>KAbiM 6yct)ep/Mynb™nneKcop 970 npiiHHMaer nwnoTHbie cmviBonbi w npeABapmenbHo 
npeo6pa30BaHHbie ci/iMBonbi m3 flPfl noAAnanasoHHbix npocipaHCTBeHMbix npoL|eccopoB 940a- 
940k Ana 48 noAflnanaaoHOB Aannbix. Sarew Ka>KAbii;i Gycjaep/MynbTi/inneKCop 970 flnsi Ka>KAoro 
cuMBonbHoro nepnoAa MynbTMnneKCupyeT 4 nMnoTHbix cuMBona, 48 

npeABapkirenbHO npeoGpasoBBHHbix cmmbojiob m 12 Hyneii pj\9\ 4 ni/inoTHbix noAA^anasoHOs, 48 
noAflnanasoHOB AaHHbix m 12 HeMcnonbsyeivibix noAAi^anaaoHOB cooTBercTBeHHO, ftn^ 
ctDopMMpoBaHMH nocneflOBaTenbHOCTH H3 64 cumbojiob nepeAanM Ana aroro CMMBonbHoro 
nepnoAa. Ka>KAbiM Gycfjep/MynbTunneKCop 970 noAaer noTOKCMMBonoB x.(n) nepeAann A-na 
OAHOM nepeAaKDLneM aHTSHMbi, rAe noTOK cmmbojiob nepeAanM coAep)KMT KOHKaTeHnpoBaHHbie 
nocjieAOBaTenbHOCTM m3 64 cmmbcjiob nepeAann. CuMBcnbi nepeAann Moryr MaciiJTa6iipoBaTbca 
K03ct3ct)ML|MeHTaMM KoppeKi^MM c yneTOM pasjiMHMM Me>KAy MenaMH nepeAaHM/npMeivia b nyHKie 
Aociyna n nojibaoBaTejibCKOM repMUHane, KaKonncaHO HM>Ke. nocneAywinaa M0AynfiL(Mfl MOPH 
Ann KajKfloro noTOKa cmmbojiob MCAynaqnn onucaHa Bbime. 

riapajiJienbHbie noroKn cmmbojiob MoryTTaK>Ke nepeAaBaibcn HeibipbMq nepeAaioiuMMM 
aHTeHHaMM 6e3 npocrpaHCTBeHHOM o6pa6oTKM b nyHicre Aocryna c noMOinbio pe>KMMa 
HeynpaanneMoro npocTpaHCTBeHHoro MyjibTMnJieKCMpoaaHMfl. fljia aioro pe>KMMa npoL;ecc 
MHBepcMM KanajiOB m c|3opMMpoBaHMe Jiyna cjDopMMpoBarejieM 950 nyna Moryr 6biTb onyi^eHbi. 
flnfl Ka>KAoro noTOKa CMMBonoB MOflyjiflMMH aarew o6ecneHMBaeTca o6pa6oTKa MOPM m 
nepeAaexca cooTBeTCTByK)uj,eM nepeflatou^eM aHTeHHOM, 

Pe>KMM HeynpaanfleMoro npocTpaHCTBeHHoro MyjibTMnneKcupoBaHUfi MO>KeT ncnoribaoBaTbca 
Ana pa3nMHHbixcMTya4MM, tbkmx, KaKecjiM nepeAatHMKHe b cocto?ihhm BbinoriHflTb 
npocrpaHCTBeHHyK) o6pa6oTKy, Heo6xoAMMyK) Ana noAAep>KaHMq ynpasneHi/ia nyMOM Ha 

OCHOBaHMM AeK0Mn03MqMM no C06CTBeHHblM MOAaM. 3tO MO))<eT MMeTb MeCTO BCJieACTBMe Toro, 

4T0 nepeAaTHMK He BbinonHMn npoMSAypbi KajiM6poBKM, He Mo>KeT rehepMpoBarb AocraroHHo 
xopoLuyio OMSHKy Kanana mjim BooGiAe ne Mweer B03M0>KH0CTeM KaJiM6poBKM m o6pa6oTKM 
co6cTBeHHbix MOA- A^^ pe)KMMa HeynpaBJineMoro npocrpaHCTBeHHoro MyjibmnjieKCMpoBaHMa 
npocTpaHCTBeHHoe MynbTMnneKCMpoBaHwe see >Ke Mcnonbsyerca, HTo6bi ysejiMMMib nponycKHyK) 
cnoco6HocTb nepeAaHM, a npocTpaHCTBeHHan o6pa6oTKa Ana pasAejieHwa oiAejibhbix hotokob 
CMMBonoB BbinonHflercp npMeMHWKOM. 

flnn pe}KMMa Heynpasnneivioro npocrpaHCTBeHHoro MynbTMnneKci/ipoBaHMJi npMeMHMK 
BbinoJiHaei npocTpancTBeHHyio o6pa5oTKy, MTo6bi BoccTaHOBMTb nepeAaHHbie noTOKM cuMBonoB. 
B HaCTHOc™, nonbaOBarejibCKMM repMHHan M0>KeT BOnnomaTb wierOA nHeepCMM 

K0ppeJlflL|M0HH0M MaTpML|bl KaHaJlOB (I/IKMK) (CCMI), MeTOAMMHMMaJlbHOH cpeAHeKBaApaTHMHOM 

Oium5km (MCKO) (MMSE), MerOA o6pa6oTKn b npneiviHMKe ycneiuHCro nOAaBnennn nOMex i/inw 
KaK0M-Hn5yAb ApyroM MeroA npocTpahCTBeHHOM o5pa6oTKi/i b npMeMHUKe. 3tm MeroAbi onHcaHbi 
noApoSho B naTeHTHOii aaasKe CLUA Ns 09/993.087 na "Cucieiviy CBaaw MHO>KecTBeHHoro 
Aociyna MBxMBbix", noAaHHOH 6 Hoa6pn 2001 . PeymM neynpaBnaeMoro npocTpaHCTBehHoro 
MyjibTMnjiOKCkipOBaHMa M0}KeT ncnonbaoBarbca Ana nepeAa^ HMCxoA^iMeM niiHMM m BOCxoA^iMeM 

nMHMM. 

MHoronojibSOBarenbCKHM pe}KMM npocrpaHCTBeHHoro MynbTMnneKCMpOBanMa noAAep>KMBaeT 
nepeAany AaHHbix ko MHO>KecTBy nonbSOBarenbCKMx repMi/iHanos OAHOBpeMenno no 
HMCxoAs^LMOH nMHMM Ha ocHOBe "npocTpBHCTBenHbix CMmaTyp" nonbaoBarenbCKMx repMMnanoB. 
npocTpaHCTBeHHaa CMmaTypaflna nojibaoBarenbCKoro repMMnana aaAaeicn aeKiopOM 
KananbHbix otkjimkob (Ana Ka>KAOro noAAi^anaaona) Me)KAy anreHHaMM nynKia AOcryna m Ka>KAOM 
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aHTeHHOM nonbsoBarenbCKoro TepMMHana. llyHKTflocTyna Mo>KeT nonyMarb npocrpaHCTBeHHbie 
CMrHarypbi, k npniviepy, Ha ocHose ynpaBJiaeworo aranoHa, nepeflaHHoro nonbsoBaTenbCKi/iMM 
TepMMHanaMw. flyHKT flocryna Mo>KeT o6pa6aTbiBaTb npocrpaHCTBeHHbie CMrHaiypbi flna 
nonbsoBarejibCKnx repMUHanoB, kotopbim Tpe6yeTCfl nepeflaMa AanHbix, HTo6bi (1) Bbi6paTb 

5 Ha6op nonbaoBarenbCKHx TepwHHa/iOB flnn oAHOBpeivieHHOM nepeflaMi/i flanHbix no Hi/icxoflflinefi 
niiHMM M (2) BbiflenMTb ynpasnqromiie seKTopbi flnn Ka}Kfloro M3 HeaasMCHMbix hotokob flannbix 
flna nepeflaMM k Bbi5paHHbiM nonbaoBarenbCKiiM TepMHHanaw. 

ynpasnqioimie Beiaopbi flnn MHorononbaoBarenbCKoro pe}KHMa npocTpaHCTseHHoro 
MyjibTMnneKcupoBaHMfl Moryr 5biTb nonyMenbi paanMMHbiMM nyrnMi/i. HM)Ke oniicaHbi flse 
npuMepHbie cxeMbi. flnn npocroTbi HiDKecneflyioiMee oni/icaHi/ie npeACTasneHo flnn oflHoro 
noAqwanaaoHa h npeAnonaraer, hto Ka>KAbiH nonbsoBaTenbCKi/ifi repMHHan CHa6>KeH 
eAMHCTBeHHoPi anreHHOM. 

B nepBOM cxeMe nyHKT Aocryna nonynaeT ynpaBnaiOLUMe seKTopbi c noMombK) HMBepcMw 
KanarioB. FlyHKi flocryna MOKer Bbi6paTb oflHoaHTennbix noJibsoBarenbCKHx repMnnanoB 

15 flna oflHoepeMeHHofi nepeflann no HMCxoflflinefi nnHnn. riyHKT flocryna nonynaeT BeKiop-crpoKy 
KaHajibHbix OTKJiMKOB pasMepoM 1xjV,, ATifl Ka>Kfloro BbiSpaHHoro nonbsoeaTenbCKoro 
TepMMHana m cpopwi/ipyer Marpm^y KaHanbhbix otkjimkcb paaiviepoM x'v^ c 
BeKTopaMM-CTpoKfljia nojibaoBarenbCKHXTepMiiHanoB. Sareivi nyHKT AOcryna nonynaeT 
Marpi/iqy^^, m3 iv^ ynpaBnaioini/ixBeicTopoBflnyi .v^ BbiSpannbix nojibaoBaTenbCKHx 

^ repMUHanoB KaK^^,„„ = J/™"' ■ HyHKi flociyna M0)KeT TaK>Ke nepeflarb ynpaanneMbiti arajiOH na 
Ka>KAbiM Bbi6paHHbiki nojibSOBaTenbCKMM repMHHan. Ka>KAbiki nonbaoBarenbCKMii repMi/iHan 
o6pa6aTbiBaeT cbom ynpasjiaeMbiki STanOH flnn oqenKM ycuneHiin m cpasbi Kanajia m KOrepenTHO 
ASMOAynnpyeT npunarbie CHMsonbi fijx'n CBoePi eflMHCTeeHHOM anTeHHbi c oi^eHKaiviM yCMneHMn m 
cfiasbi Kanana a^i^ nonyHeHtin BOCCTaHOBJieHHbix cmmbojiob, 

Bo BTOpOki cxewie nyHKT AOCTyna npeflBapMrenbhO KOAMpyeT a% noiOKOB cmmbojiob AJin 
nepeAanii k Jv^ nojib30BaTenbCKHM lepMMHajiaM, tbk hto 3th hotokh cmmbojiob MCnbiTbiaaiOT 
Majibie nepeKpecTHbie noiviexM a nojibaoBarenbCKMXTepMMHanax. FlyHKT AOcryna mokct 
ct)OpMMpOBaTb MBTpHqy KaHanbHbix OTKnuKOB Ana BbiQpaHHbix nonb30BaTenbCKi/ix 

30 TepMMHajlOB M BbinojiHMTb pa3no>KeHne na MHO>KHTenM QR nafl H^^ raK, hto H_,^, - F^Q , rAe 

T,^ npeACTaBJifleTCo6oi?i HM>KHK3K) Jiesyro Tpeyrojibhyio MaTpMLiy, ■ ^ £.''„,,, nBJineTCn 

eAMHMHHOM MaTpML^eii. SsTSM nyHKT AOCTynB npeABapMTenbno KOA^pyeT iV,,. hotokob 
CMMBOnOB AaHHbix MBTpMLieM T^,. An*! nojiyHSHMa ^'v,,^, noTOKOB anpeflBapHTenbHO 

^ KOAMpOBaHHbix CMMBOJIOB ki RBnee o6pa6aTbiBaeT nOTOKii npeAsapHTejibHO KOAMpOBannbix 

CMMBOJIOB eAMHMHHOM MaTpMLlOM Q p^n nOJiyHOHMn nOTOKOB nOpOAaBaOMblX CMMBOJIOB 

AHfl nepeAaHM Ha n.^ nojibaoBaTejibCKiix TepwuHajioB. HynKT AOCTyna Mo>KeT TaioKe 
nepeflaBaibynpaejiaeMbM arajiOH na Ka>KAbiM nonbSOBaTenbCKMM repMWHaji. Ka)KAbiM 
40 nojibaoBarejibCKMM repiviMHan McnojibsyeT ynpaBJineMbm STajiOH flnn KorepeHTHOM AeMOAynJiUMM 

npMHHTblX CMMBOJIOB RHfi nOJiyHGHMa BOCCTaHOBJieHHblX CMMBOJIOB. 

AnsR BOCxoA^LMeCi ni/iHMii b MHoronojibsoBaTenbCKOM pe}KiiMe npocTpaHCTBeHHoro 
MyjibTMnjieKCHpOBaHMH nyHKT AOCTyna MO>KeT BOCcraHaBJiMBaTb nOTOKOs cmmbojiob, 
nepeflaHHbixoAHOBpeMeHHo nojibaoBaTeJibCKHMM TepMiiHaJiawM c McnonbsoBaHMeM 
oSpa5oTKM npweMHMKa MCKO, ycneiUHoro noAaBneHwa noMex mjim KaKoro-HnSyflb Apyroro 
MeTOfla o5pa6oTKH b npMeMHWKe. flyHKT Aooryna Mo>KeT oqeHMBaTb KananbHbm otkhmk 
BocxoAflineM nnHMM Ann Ka>Kfloro nonbsoBarenbCKoro repiviMHana m ncnonbsoaarb oqeHKy 
KaHanbHbix oTKnuKoa Ann npocTpancTBeHHOM oGpa5oTKM b npweMHUKe m p,nf\ nnaHMpoBanna 
nepeAan Bocxop^meiA nwHHH. Ka}KAbiM oAHoaHTeHHbiM nonbsoBarenbCKMM repMi/inan Mo>KeT 
50 nepeAasaTb opToroHanbHbiH nHnoT-ciiman no BocxoAfiAeM nnHMw. nMnoT-cMmanbi BocxoAfliMefi 
nwHMM QT nonbsoBaTenbCKHx TepMiinanoB MoryT 6biTb opToronanbHbi no speMenM m (MnM) 
nacTOTe. BpeweHHafl opToronanbHOCTb MO>KeTflocTMraTbca tsm, hto Ka>KAbiM nonbaoeaTenbCKMM 
TepMMHan MOAy^i^pyeT cbom nMnoT-ciiman BOCxop,au\e\A nMHMii opToronanbHOM 
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nocJieflOBarenbHocTbio, HasHaMeHHOM aroMy nonbaoBarenbCKOMy repMHHariy. MacroTHan 
opToroHanbHocTb Mo>KeT flocTMraxbca reivi, mto Ka>KflbiM nonbsoBaienbCKHM repiviMHan nepeflaer 
CBOM nMnoT-cMman BocxoflnmeM hhhhh b oTnimaiomeMCfl Ha6ope noflflwanaaoHOB. FlepeflaMM 
BocxoflniHeii nwHHn or nonbaoBareJibCKHX repMUHanoB flon>KHbi 6biTb npM6jiM3MTenbHO 
5 coBMeiMeHbi no BpeivieHM b nyHicre flocryna (nanpuMep, cxjBMeujieHbi no BpewieHii b npsAenax 
LimcnuMecKoro npect)HKca). 

3. Pe?KMM ynpasjieHMa nyMOiw - o6pa6oTKa nepeflanii 

Our. 1 0A noKasbiBaer 5noK-cxeMy nepeflaioinero 6noKa 1000, cnoco6Horo BbinonHsiTb 
o6pa5oTKy nepeflaMM flnq pe>KMMa ynpaBJieHiifl ny40M. flepeflaioiUMM 6noK 1000 flBnaeTcn e\ne 
oflHHM BapnaHTOM ocyinecTBneHMfl nepeflaromeM 4acTn nyHKia flocryna m nonbaoBarenbCKoro 
repMMHana. 

B nPfl npoL;eccope 710cflaHHbix 6noK 808 cfiopMiipoBaHHn KaflpoB KaflpwpyeTflaHHbie a-hh 
Ka>Kfloro naKera FCH/RCH flna reHepaiiMn OAHOro i/ijih 6onee kbapob PHY Ana naKera. 
CKpeM5nep 81 0 CKpeM6nMpyeT aareM AaHHbie pj\9\ Ka>KAoro rpaHcnopTHoro Kanana. KoAep 812 
BcneA 3a 3tmm KOAnpyer KaApupoBaHHbie flaHHbie b cooTBeTCTBMM c Bbi6paHH0M cxeMoii 
KOAnpoBaHun A^a noJiy-ieHMfl KOAOBbix Swtob. 5noK814 npopeJKMBaHun aarewi npope>KMBaeT 
KOAOBbie 6MTbi AJia nonyHeHMfl >KenaTenbHOM koaobom CKopocru ajia LUMpoKononocHOM 
coScTseHHOH MOflbi, McnonbsyeMOM A^fl nepeflaMw flaHHbix. KoAOSbie 6MTbi 113 6noKa 818 
npope>KMBaHi/ifl nepeMe>KaK)TCfl no Bcew noflAnanaaoHaM AaHHbix. BnoK820 nocuMBonbHoro 
^ OTo6pa>KeHMfl OTo6pa>KaeT aaieivi nepeMe>KeHHbie AaHHbie b cooTBeTCTBun c Bbi6paHHoPi cxsmom 
MOAynni^MM AJin nonyHeHMfl cmmbojiob MOflynfli^Mn. nPfl npocTpaHCTBeHHbiPi npoi^eccop 720c 
aareivi BbinonHneT npoqeAypy o6pa6oTKM nepeAanH HaA CMMBonaMn MOAynfli^nM f\T\^\ pe>KMMa 
ynpaBJieHHfl nynoM. 

Pe)KHM ynpaBJieHMfl nynoM MO>KeT McnonbSOBaTbCfl a-ha nepeAaHM AaHHbix b 
npocTpahCTBeHHOM Kanane mjim Ha LunpoKonojiocHoPi co6cTBeHHOM moab, KaK npasMJio, oh 
accoL|MMpyeTCfi c HaM6ojibLUMMM co6cTBeHHbiMM 3HaHeHMflMM Ana Bcex noAAi^anasoHOB AaHHbix. 
Pe>KMM ynpasneHMfl nynoM MO>KeT Bbi6MpaTbCfl, ecnn pacnpeAenenne mou^hocth nepeflaHi/i no 

lilnpOKOnOJlOCHblM C06CTBeHHblM MOAaM npHBOflMT K TOMy, HTO TO/lbKO OAHa COCTaBnflhOlAafl B 

Ha6ope dflBJinercn HeHyneBOki. Bro Bpeivrn wav. pe>KMM npocTpahCTBeHHOro 
MyjibTunjieKCiipoBaHMn BbinojiHaer c|3opMHpoBaHiie nyna a^ji Ka>KAOM m3 Bbi6paHHbix 
co6cTBeHHbix MOA Ka>KAOro nOAA^anaaoHa na ocHOse co6cTBeHHOro Beicropa, pe>KMM 
ynpaBJieHMjq nynoM BbinonnjieT ynpasjieHHe jiynoM na ocHOBe "HopMiipoBaHHoro" co6cTBeHHoro 
BeKTOpa A^n maBHOM co6cTBeHHOki MGAbi Ka}KAOro nOAAManasoha p,n5\ nepeAanki Aannbix na 

3T0M eAUHCTBeHHOil C06CTBeHHOPi MOAe. 

Mexbipe sneivieHTa Ka>KAOro co6cTBeHHOro seKTOpa v^(k) A-nn keKp,n^ maBHOii co6cTBeHHOM 
^ MOAbi Moryj MMeib pasnnHHbie BennHi/iMbi. Heibipe npeABapmenbHO npeo6pa30BaHHbix 
CMMBOna, nojiyneHMbix Ha ocHOBe nerbipex snewieHTOB co6cTBeHHOro Beicropa v (k) a™ 
Ka>ivioro noAA^anasoHa, MoryrrorAa i/iMeTb pasHbie aenkmnHbi. CneAOBarenbho, neibipe 
BeKTOpa nepeASHM Ha Ka>KAy>o aHrenHy, Ka}KAbiM 1/13 Koropbix BKmcnaer b ceSn npeABapMrenbHO 
06pa60TaHHbie ci/iMB0Jibi p,na acex noAAi^anasonoB Aannux Ann aaAannoM nepeAaiOLAeii 
aHTeHHbi, Moryr iiMerb pasriMHHbie Bemmi/iHbi. Ecni/i MOiAHOcrb nepeAa^i^ A^fi Ka>KAOM 
nepeASHD^ei^ anrenHbi orpanMHena (k nprnviepy, M3-3a orpaHimeHMii yci/inMreneM molahoctm), to 
MexoA cjDOpMMpOBaHHfl nyna MO>KeT ne nonnocrbio MCn0Jib30BaTb nonnyio MOiUHOCXb, AOCTynnyK) 
Ann Ka>KAOM aHrenHbi. 

Pe>KHM ynpaaneHi/in JiyHOM MCnonbSyeT roJibKO (pBSOsyK) MHC|D0pManniO m3 coSCTBeHHbix 

^ BeKTOpOB Vi(k) A^fl * e A-nS^ rnaSHOM C05CTBeHH0M MOAbI M HOpMHpyer Ka>KAblM C06CTBeHHblW 

BeKTOp TaK, HTo6bi Bce nexbipe sjieMeHia b co5cTBeHHOM seKJOpe Mivierm paanbie BennHUHbi. 
HopMnpoBaHHbiM co6cTBeHHbiM seKTop vjkj flna noAA^^anaaoHa /rMO>KeT 5biTb Bbipa>KeH iok: 
v{k)=[Ae'^'^''' Ae'^^"'' Ae'"^''' Ae"''''f , YpaBiieiiHe (16) 

TAe flBnneTCfl nocTOflHHOH (nanpHMep, ^ =1); 1/1 
Q,(k) SRBJifterc^ ct>a30M p,ni\ noAAi^anasona /r nepeAaiou^eM aHienHbi /; Koiopa^) saAaercn KaK: 
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0,{k} ^ Zv,,a) = tan-{ ^i'^' . ypaBHeiffle (17) 

(^Re{v, J 

KaK noKaaaHO b ypaeHeHMn (1 7), cfDaaa Ka>Kfloro aneivieHTa b seKTope vjy) nonynaeTca H3 
cooTBeTCTByK)inero3neMeHTaco5cTBeHHoro BeKTopa Vif A:; {j.B.^jk) nonyMaercfl m3 

HHBepcun KaHBJiOB MOJKer TaK>Ke BbinoriHflTbca p.na pe>Ki/iMa ynpaB/ieHna nynoivi, HTo6bi 
oGman CKOpocTb nepeflaHw Moma 6biTb wcnonbSOBaHa flnn Bcex noflflnanaaoHOB flaHHbix. 
MoLUHOCTb J\(h) , BbiAeneHHafi Ka>KflOMy noflflnanaaoHy flaHHbixflJia pe)Kmvia ynpaBJieHna nynoM, 
MO>KeT 6biTb Bbipa}KeHa KaK: 
8P 

Pj (Jfc) = , -OJif" k€iK, ypaBHCHHe (18) 

rfle p, flBJifleicfl K03cj3ct)M4MeHTOivi HopwupoBKi/i, KOTopbiM xpaHi/iT MHsapiiaHT nonHofi 
M0LJ4H0CTH nepeAann nocne roro, kbk npuMeneHa nHsepCMn KaHanoa; 
Pi HBJineTCn MOu^HOcrbio nepeflanki, BbiAeneHHOii KajKAOki m3 nerbipex aHreHH; m 
I. (k) npeAcraBnner co6om K03ct)ct:]Mi^i/ieHT ycmieHMsq molahoctm Ann noAAi^anaaoHa k masHOM 
co6cTBeHHOii wiOAbi A^n pexi/iiwa ynpaBJieHim nywoM. 

K03C^C|3l1LflieHT p, HOpMMpOBKM MO>KeT 6blTb BbipaweH KaK: 

P\ - ^^"'(jt) ' ypaBHCHHe (19) 

MoiMHOCTb /; nepeAaHH MOJKer saAaBaTbCJi KaK - Pt^^^ (i.e. paBHOMepHoe 
pacnpeAeneHne nonHOM moli^hoctm nepeAann no nerbipeM nepeAaiOLi^MM aHreHHaivi). 
Ko3ct)c|3ML(MeHT ycuneHMfl M014H0CTM MO>KeT 6biTb Bbipa>KeH kbk: 

^{k) = y'' {kyA\k)imm ■ ypaBHeHHe (20) 

HHsepcun KBHanOB npHsoAUT k pacnpeAeneHnio molahoctm i\ pfw\ * e Kpj\5\ 48 

noflAManaaoHOB AaHHbix. ycmieHneflJia Ka>KAoro noflflkianaaoHa flaHHbix MO>KeT sareivi 6biTb 
saAaHO KaK gfj,) = (k) ■ 

^jiq pe}KMMa ynpae/ieHMq nynoM aeKTop x(h) nepep.a'^vi pf^f\ Ka>KAoro noAAi^anasoHa Mo>KeT 
6biTb Bbipa>KeH KaK: 

x{k) = vik)gik)sik) ,: j^jTjf iceK, ypaBHCHHc(2I) 

OnnTb-xaKM p^f\ npocTOTbi ypaBHeHwe (21) He BKmoHaer b ce6n KoacjJClJimiieHTbi koppsklium, 
MCnonbsyeMbie p,n^ pacnera paanHMMw Me>KAy nenaivin nepeAaMn/npMeivia b nyHKie Aocryna m 
nonbaoBarejibCKOM repiviMHane. 

KaK noKaaaHO b ypaeHeHiin (16), nejbipe aneivieHTa HopMi/ipoBaHHoro ynpaenfiioLnero seKTOpa 
v_(k) flnji Ka>KAoro noAAnanaaoHa nweiOT paBHyio BennnnHy, ho, bosmokho, pasHbie cjjaabi. 
TaKMM o6pa30M, ynpasneHHe ny^OM renepupyeT oahh BeKTop x(k) nepeAa^nflnq Ka>Kfloro 
noAflnanaaoHa c HerbipbM^ oneMeHiaMn x{k) , MMeioi4HMM OAHy m ry BennHi/iny, ho, bo3mo>kho, 
pasHbie ctjasbi. 

0v\r. 1 0B noKasbiBaer SnoK-cxeMy BapwaHja ocyinecTBneHna flPfl npocTpaHCTBeHHoro 
npoqeccopa 720c, o6ecneHHBaHDL4ero BbinonHenne npocTpancTBeHHOM o6pa6oTKi/i p,n9\ pejKmvia 
ynpaBJieHMa nynoM. 

B npoMecce 720cfleMynbTMnneKCop 1032 npHHwiviaeT m AeiviynbTMnneKCMpyeT noTOK ^(n) 
CMMBonoB M0Ayn3Mm/i b 48 noAnoroKOB p,n9i 48 n0AAMana30H0B Aannbix (o6o3HaHeHHbix KaK 

- siJi) ). Ka)KAbii?i noAnoTOK cmmbo/iob noAaerca na cooTBercTByioLAUM HPfl 

noAflManaaoHHbiPi npoi^eccop 1040ynpaBneHi/in nynoM. Ka>KAbii?i nponeccop 1040 BbinonnneT 
o6pa5oTKy, noKaaaHnyKt b ypaBHeHni/i (14), Ann OAHOro nonAManaaoHa. 
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B Ka>KflOM nPfl noflflManaaoHHOM npoi^eccope 1040 ynpaBneHi/ia jiyMOM noflnoroK cmmbojiob 
MOflynaL;MM noflaerca Ha nepeMHo>KMTeJib 1042, Koropbiw npHHMMaei TaK>Ke K03clJct)ML|MeHT 
s(k} ycwneHMH fljifl accoMMMpoBaHHoro noAf^wanaaoHa. nepeMHO}KMTenb 1 042 MaciuTa6MpyeT 

3aTeM CMMBOJlbl MOAyJIfL^HH K03C|3Ct3imMeHTOM yCMJieHMn, HTOSbl nOJiyHMTb 

MaciuTa6npoBaHHbie cwMBonbi Mopyn^uyivi, KOTopbie aareM noflaiOTca b 6noK 1050 ynpsBneHUfl 
nynOM. 

BnoK 1050 ynpasneHMa nynoM npuHUMaer raioKe HopiviMpoBaHHbiPi co6cTBeHHbM bsktop v_(k) 
AHfl accoi4MwpOBaHHOro noflAnanaaoHa. B6nOKe 1 050 ynpaeneHHH nyHOM MaciiJTa6MpOBaHHbie 
CMMBOnbi M0flynHi4iiw noflatOTca na ncTbipe nepeMHOKurenH 1052a-1052cl, KOTOpbie xaioKe 
cooTBerCTBeHHO npMHMMaHDT HeibipeaneMeHTa ^IffcJ ,v,(k) ,v^(k) v\vjk) HOpMHpOBaHHOro 
co6cTBeHHoro BeKTopa v_(k) . Ka}KAbiM nepeMHo>KMTenb 1052nepeMHO}KaeTCBOM 
MacLUTadnpoBaHHbie cmviBonbi MOAynai^nH co SHaHeHiiewi v^(k ) HopMnpoeaHHoro co6cTBeHHoro 
BSKTOpa, HTo6bi o6ecneHMTb npeAeapurenbHO npeo6pa30BaHHbie CMMBOnbi. nepeiviHO>KMTenM 
1 052a-1052cl noAaiOT nerbipe npeABapMjenbHO npeodpasoeaHHbix nOAnorOKa b 
eycpepbi/MynbTunneKCOpbi 1 070a-1 070d cooTBerCTBeHHO. 

Ka>KAbiti 6yct)ep/MynbTiinneKC0p 1070 npwHmviaeT nMnOTHbie CMMBOnbi m npeABapiuejibHO 
npeo6pa30BaHHbie cwMBOn bi m3 FlPfl nOAaManaaoHHbix npoi^ecxwpOB 1 040a-1 040k ynpaBneHiin 
nyHOM A^H 48 noflAnanasoHOB AaHHbix, MynbTMnneKCkipyer nHnOTHbie m npeABapmenbHO 
npeo6pa30BaHHbie cnwiBonbi m Hynii Ann Ka>KAOro CMMBOnbHOro nepMOAa ki noflaer hotok 
CMMBOJIOB x,(n) nepeAaHM b oahy nepeAatomyio aHreHHy. FlocneAyioinan MOAynnMMn MOPH pj\7\ 

Ka>KAoro cMMBona nepeAanki onMcaHa Bbime. 

06pa6oTKa pf\^ p&mvABi ynpaBJieHMfi nynoM onMcaHa 6onee noApo6HO b nareHTHOM aas^BKe 
CLUA Ns 10/228.393 Ha "ynpaBJieHMe nynoM m ct)opMMpOBaHiie nyna b uMpOKononocHbix 
CMcreMax MBxMBux", noAaHHOii 27 aBrycra 2002. CMcreMa MO>KeT raioKe 6biTb cnpoeKTMpOBaHa 
Ann ncAAep>KaHiin pe>KMMa ct)OpMMpOBaHkin nyna, nocpeACTBCM nero noroK AaHHbix nepeAaercn 
Ha maBHOii coGcTBeHHOii moao c McnojibsoaaHMeM co6cTBeHHoro BeKTOpa BMecro 
HOpMHpoeaHHoro coScTBeHHoro seicropa. 

4. Ka flpMpoBaHne Ann KaflpoB PHY 

ctJMP.1 1AnoKa3biBaeT Bapnanx ocyiAecToneHMfl SxiOKa 808 ^opMnpOBanHn KaApoe, kotophm 
Mcnonb3yeTca Ain KaApupoBahna AanHbix Ann Ka)KAOro naKera FCH/RCH nepeA nocneAyiOLneM 
c6pa6oTKOii nPfl npoi^eccopOM Aannbix. Sra c})yHKi4na KaApupoBannn iviO)KeT ne McnonbsoBaTbCfl 
Ann coo5i4eHMfi, nocjiahHbix no KananaM BCH, FCCH m RACH. BnoKCtJopMHpoeaHun KaApoB 
renepMpyeT Lienoe HMcno KaApoa PHY Ann Ka>KAOro naKera FCH/RCH, tab Ka>KAbiii KaAP PHY 
oxBaibiBaer 6 cuMBonoB MOPH Ann onucaHHoro SAecb eapnaHTa ocyiAecTeneHkin. 

Ann pe>KMM0B paaneceHiin ki ynpaBneHMn nynoM TOJibKO oai^h npocTpaHCiBeHHbiii Kanan mjim 
lunpoKononocHan co6cTBeHHan MOAa iicnojibsyeTcn flnn nepeAann AaHHbix. CKcpocTb Ann arofi 

MOAbI M3BeCTHa, M MOKCT 6blTb BbNMCneHO HMCnO l/IHCt)OpMaMMOHHblX SmTOB, KOTOpbie MO>KHO 

nocbinarb b nonesHOw narpysKO Ka>KAoro KaApa PHY. flna pe>KHMa npocrpaHCTBeHHoro 
MyjibTunjieKCHpOBaHMa MH0>KecTB0 npocTpaHCTBeHHbix KananoB MOKer McnojibacBaTbcn Ann 
nepeAaHM AaHHbix. flocKonbKy CKopocTb nepeAann Ka)KAoro npocTpancTBeHHoro Kanana 
M3BecTHa, MO>KeT 6biTb BbiHMcneHO HMcno nHCpopMai^MOHHbix 6mtob, KOTopbie M0>KH0 nocbinarb B 
nonesHOM narpysKe Ka>KAoro KaApa PHY Ann Bcex npocTpancTBeHMbix KananoB. 

KaK noKaaano Ha ctJur.llA, HHcjDopMai^MOHHbie 6iiTbi (o6o3HaHeHHbie KaK ... ) 
Ann ica>KAoro naKera FCH/RCH noAaiOTcn b renepaTop 1 102 CRC m MynbTMnneKcop 1 104 b 
6noKe 808 ct)opMMpoBaHMn kbapob. FeHepaTop 1 102 CRC renepMpyeT anaMeHMe CRC Ann 6iitob 
B aaronoBKe (ecnw oh ecTb) m nonnx nonesHOM narpysKM Ka>KAorQ KaApa PHY m noAaei 6MTbi 
CRC B MyjibTMnneKcop 11 04. MyribTnnneKcop 1 104 npuHUMaer MHct)opMaMMOHHbie 6MTbi, 6MTbi 
CRC, 6MTbi aaronoBKa m aanonHflKjiAwe Snxbi (Hanprnviep, Hyjiw) m noAaer 3tm 6MTbi b Aon>KHOM 
nopnAKS, KaK noKaaaHo na ct)Mr.6, na ocHOBaHnn cumana ynpasneHnq KaApaMM PHY. <t»yHKL|Mfl 
KaApupoBaHMa Mo>KeT ne McnonbaoBarbCH npn noAane MHcjDopMaL|MOHHbix 6mtob 
HenocpeACTBeHHo nepea MynbTiinneKcop 1 104. KaAPMpoBanHbie mhi/i neKaAPupoBanHbie GuTbi 
(o6o3HaHeHHbie KaK d^ ... ) noAaiOTon BCKpeM6nep 810. 
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5. CKpeM6ni/ipOBaHMe 

B BapMaHTe ocymecTsneHMfl 6MTbi flaHHbixflnn Ka>Kfloro jpaHcnopTHoro Kanana 
CKpeM6JinpyK)Tcn nepeflKOAnpoBaHweM. CKpeM6nHpoBaHi/ie paHflOMnsMpyeTflaHHbie raK, mtoSbi 
flnwHHafl nocneflOBarenbHocTb Bcex eflUHMi^ iinn Bcex Hyjieii He nepeflasanacb. 3to Mo>KeT 

CHI/l3MTb M3MeHeHMq Me>Kfly HHKOBOM M CpeflHeW MOlUHOCTbKJ K0Jie6aHMfl MOPM. 

CKpeM5niipoBaHMe mokbt 6biTb onymeHo flnn oflHoro mjih 6onee rpaHcnopTHbix KananoB m 
MO)KeT TaioKe Bbi6opoMHo paapeiuaTbcn wnn aanpemaTbcn. 

<t>iir.1 1A noKaabiBaer TaK>Ke BapwaHT ocymecrBneHi/ifl cKpeM6Jiepa 810. B 3tom BapuiaHTe 
ocymecTBJieHMa cKpeMgnep 810 peanwayer reHeparopHbiw nonwHOM: 
G(x) = + + X . ypameHue02) 

Mo>KHo TaK>Ke Mcnonb30BaTb n wHbie reHepaxopHbie nonnHoivibi, m 3to axoflur b o6"beM 
M3o6peTeHMa. 

Kbk noKasBHO hb (fiHr.ll A, CKpeM6nep 810 BK/itOHaer e ce6n ceMb sneivieHTOB 1 1 12a-1 1 12g 
3aAep>KKn, coeflMHeHHbix nocjieAOBarenbHO. flna Ka>Kfloro raKTOBoro nepnofla cyiviiviaTop 1114 
BbinonHaei c/ioxeHne no MOflynio 2 flByx 6mtob, xpaHJiimixcji b ajieivieHTax 111clii1112g 
3aflep>KKM M noflaer 6mt CKpeMGnnpoBaHiia b aneivieHT 1 1 12a saflepjKKM. 

KBAPMpoBaHHbie/HeKaflpMpoBaHHbie6MTbi ( ) noflaiOTca b cyiviMaTop 
1116, KOTopbiM raioKe npuHUMaer 6MTbi CKpeivi6nMpoBaHMa m3 cyMiviaTopa 11 14, CyMMarop 1116 
BbinoHHaeT cjio>KeHMe no MOflymo 2 Ka>Kfloro Gma c cooTBercTByioinMM 6mtom 
CKpeMS/ii/ipoBaHnq, MToSbi nonyMMTb 6mt cKpeMGnnpoBaHna q„ . CKpeM6nep 810 Bbiflaer 

nOCJieAOBaTenbHOCTb6MTOBCKpeM6jlMpOBaHMJ1, KOTOpbieo603HaHeHbl KaK ^, q^ ... 

HananbHoe cocroflHue CKpeM6nepa (i.e. coAep>KMMoe aneMeHTOB 1 1 12a-1 11 2g aaflepmn) 
yCTaHaBnHBaercn na 7-6nTOBoe HeHyjiesoe hmcjio b Hanane Kaflpa flBP. TpM crapmiix Sura 
(MSB) (T.e, aneMeHT 1112e-1 1 12f saflepxKM) Bcerfla ycraHOBneHbi Ha eAUHHuy ("1"), a 
HeTbipe MJiaflLUMX Sura (LSB) ycraHaBnuBaiOTca cooTBercTBeHHO CHeiHi/iKy kbapob flBP, kbk 
yKBsaHO B coo6LMeHMM BCH, 

6. Ko flMpoBaHMe/npope)KMBaHMe 

B BapnaHTe ocyinecTB/iehnyi Ana KOAnpoeaHMa flaHHbix nepeA nepeAanePi ncnonbsyerca 
eAMHCTBeHHbiM 6a30BbiM KOA. 3tot SaaoBbiM KOA renepupyeT KOAOBbie Smbi oahom koaobom 
CKopocTM. Bee ocranbHbie KOAOBbie CKopocTki, noAAep}KMBaeMbie CMcreMOM (KaK nepeHMcneHO b 
TaSnnqe 25), Moryr 6biTb nojiyneHbi nuGo noBTopeHMew, nnSo npope>KMBaHMeM 3tmx KOAOBbix 
6mtob. 

0Mr.1 1B noKasbiBaer BapnaHT ocyiAecTBJieHMa KOAepa 812, KOTopbiM BonnoLAaer 6a30BbiM 
KOA A^fi CMcreMbi. B stom eapiiaHTe ocyu^ecTBneHMa 6a30BbiM koa aBnaercs^ CBeproHHbiM koaom 
cocKopocTbto 1/2, A/inHOM orpaHMHeHnq 7 (^=7), c reHepaTopawn na 133 m 171 (oKranbHbiMn). 

B KOAepe 812 MynbTi/inneKCop 1 120 npuHi/iMaer m MynbTiinneKCupyeT 6MTbi OKpeM6nMpoBaHMa 
M XBOCTOBbie SuTbi (k npuMspy, Hynn), KoAep 812 Aariee BKntOHaei b ce6a luecTb aneweHTOB 
1 122a-1 122f 3aAep>KKM, coeAHHeHHbix nocneAOBaTenbHO. Meibipe cyMMaiopa 1 124a-1 124d 
TaioKe coeAMHehbi nocneAOBarenbHO m ncnoribsyioTca Ana peannsauHH nepeoro reHepaiopa 
(1 33). AHajiorHHHO Meibipe cyMMaropa 1 126a-1 126d coeAMHenbi nocneAOBarenbHO ii 
McnonbsyioTca Ana peani/isaMni/i BToporo reHeparopa (171). 3™ cyMMaiopbi laioKe coeAHHeHbi c 
3neMeHTaMM 3aAep}KKi/i Ana peani/i3aL|iii/i Asyx reneparopoB 133 i/i 171, KaKnoKaaaHO Ha 
cfiMr.llB. 

EMTbi CKpeM6nMpoBaHi/ia noAa>OTca Ha nepBbiCi sjieMeHT 1 122a ^^p,ep^w.m ii na cyMMaropbi 
1 124a M 1 126a. flna Ka>KAoroTaKTOBoro nepnoAa cyMMaropbi 1 124a-1 124d BbinonnaiOT 
cno>KeHi/ie no MOflynio 2 nocrynaioiAero 6MTa m neibipex npeALueoTByroinnx 6i/itob, coxpaneHNbix 
B sneMeHTax 1 122b, 1122c, 1122e m 1122f saAepmn, HTo6bi nojiyHiiTb nepsbiCi KOAOBbiii 6mt 
Ana 3Toro TaKTOBoro nepnoAa- AHanori/iHHO cyMMajopbi 1 126a-1 126d BbinonHawr cno>KeHi/ie no 
MOAynio 2 nocTynatOLnero Swra h ^erbipex npeAiuecTByiomwx Shtob, coxpaHeHHbix b aneMehiax 
1122a, 1122b, 1122cn 1 122f 3aAep>KKM, HTo6bi nojiyHWTb BTopoM KOflOBbiw 6i/it Ana SToro 
TaKTOBoro nepMOAa. KoAOBbie 6MTbi, reHepHpoBaHHbie nepsbiM reHepaTopoM, o5o3HaHaK)Tca kbk 
a^ -- , a KOAOBbie 6MTbi, reHepMposaHMbie BTOpbiM reHepaTOpOM, o6o3HaHaK)TCH 
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KaK ... . MyjibTMnjieKcop 11283aTeM npHHHMaeT H MynbTiinjieKci/ipyeTflBa 

noTOKa KOflOBbix 6mtob m3 3TMX AByx reHeparopoB b eflUHbifi hotok KOflOBbix 6mtob, KOTopbie 
o6o3HaHaiOTCfl KBK b^ ... . flnn Ka>Kfloro 6wTa 

CKpeMGnMpOBaHMfi reHepwpyiOTca abs koaobbix Sura ah m 6h, hto npneofliiT k KOflOBOii 

CKOpOCTM 1/2. 

ct>Mr. 1 1 B nOKasbiBaer raioKe BapwaHT ocyinecTBJieHMn 6nOKa 814 nOBTOpeHMn/npope>KMBaHna, 
KOTOpbiii MO)KeT MCnonbSOBaTbca Ana reHepMpOBaHna Apymx KOAOBbix CKOpocTefi na ocHOse 
6a30B0M CKOpOCTM 1/2, B 6nOKe 814 KOAOBbie 6MTbi cc CKOpocTbio 1/2 m3 KOflepa 812 
nOAaiOTCa b nOBTOpaiomnM 6jiok 1 1 32 m npope)KMBaiOLHMM 6nOK 1 1 34, flOBTOpaioiAHM 6nOK 1 1 32 
nOBTOpaer Ka>KAbiM KOAOBbm 5mt co CKOpocTbHD 1/2 oamh pas a^is nonyHeHMn 3ct:t:tDeKTMBH0M 
KOAOBOM CKOpOCTM 1/4. npope>KMBaioiAiiki 6jiok 11 34 yAanneT HeKOropbie m3 K0A0Bbix6MT0B co 
CKopocTbio 1/2 Ha ocHOBe KOHKpeTHoro npope>KHBaK)i4ero luaGnoHa, HTo6bi nonyHi/iib 
>KenaTejibnyio KOAOsyio CKOpocrb. 

B Ta6niiLfe 30 nepemicneHbi npHiuiepHbie npope^iiBaiOLi^iie LiJa6noHbi, KOTopbie mokho 
kicnonb30BaTb Ann pasjiMHHbix KGAOBbixCKOpocrei^, nOAAep>KkiBaeMbix ci/iCTeMOM. Apyri/ie 
npope}KMBaiOLAi/ie LuaSnoHbi MoryTTaK>Ke McnonbsoBaTbCfi, h 3to bxoamt b o6^eM ii3o6peTeHMsq. 

Tb6;ihi^i 30 
Koaobbh CKopocTb DpopeiKHBaKiiitHH luaSnoH 

1/2 11 

7/12 11111110111110 

5/8 1110111011 

2/3 1110 

11/16 1111101111111010011100 

3/4 111001 

13/16 01111011111101110000101100 

5/6 1110011001 

7/B 11101010011001 



HTcSbi nonyHMTb KOAOByro CKopocib k/n , npope>KMBaKDinMM 6noK 11 34 o6ecneHkiBaeT " 

KOAOBbix 6HT0B AJlfl Ka>KAOM Tpynnbl 1/I3 2k KOAOBNX 6mT0B co CKOpOCTbKl 1/2, npMHflTblX OT 

KOASpa 812. TaKMM o6pa30M, 2k- n KOAOBbix di/iTOB yAanaiOTCfi m Ka>KAoPi rpynnbi b 2k 
KOAOBbix 6mtob. BuTbi, noAiie>KaLi4Me yAaneHnio m3 Ka>KA0M rpynnbi, o6o3HaMaiOTCfl HynfiMn b 
npope>KMBaK)LiJ,eM iua6noHe. HanpHwep, MTo5bi nonyHi/iTb KOAOByio cKopocTb 7/12, Asa 6nTa 
yAanntOTcn m3 Ka)KAOii rpynnbi b 14 KOAOBbix 6mtob m3 KOASpa 812, npHnew yAanneMbiMM 6nTaMH 
aBnsRK3Tcn 8-M M 14-M KOAOBbie 6MTbi b rpynne, KaK o6o3Ha<HeHO npope}KMBaK}LAMM luaSnoHOM 
"11111 1 101 1 1 110". HMKaKoro npope>KHBaHMfl hs BbinonHnercn, ecnii >KenaTenbHOi?i koaobow 
CKopocTbK) f\BnaeTCf\ 1/2. 

MynbTMnneKCOp 1 136 npMHMMaer hotok koaoshx 6mtob m3 nOBTOpnioiAero 6nOKa 1 132 m 
noTOK KOflOBbix 6mtob m3 npope>KMBaiOLAero 6jioKa 11 34. MyjibiiinjieKcop 1 136 sareivi 
cGecneHHsaeT KOAOBbie 5nTbi m3 noBTOpnioiAero SnoKa 1 132, ecnw jKonaTenbHOw koaobom 
CKopocTbK) ABJisieTCfl 1/4, M KOAOBbie 6nTbi 113 npope)KiiBaK)i4ero 6noKa 1 134, ecnn )KeJiaTenbH0M 
KOAOBOM CKOpOCTbK) asnfleTCa 1/2 mjim Bbiiue. 

flpyme KOAbi M npope>KMBaK)iAMe LuaSnOHbi nOMMMO onMcaHHbix Bbime MOryT TaK>Ke 
MCnonbaoBBTbCH, M 3T0 BXOAUT B oSteivi M3o5peTeHMa. K npMMepy, Typ50K0A, 6nOHHbiM koa, 
HeKOTOpbie Apyrne KOAbi mhm mx coneTaHne woryT MCnonbaoBaTbCa Ana KOAHpOBaHHfi AaHHbix. 
KpoMe Toro, pasHbie KOAnpyHDiAne cxewbi MoryT McnonbsoBaTbca A-na pasHbixTpaHcnopTHbix 
KaHanoB. HanpMMep, A^a oSiAMx TpaHcnopTHbix KBHanoB MOKeT McnonbsoeaTbca caepTOHHoe 
KOAnpOBaHwe, a p,nf\ BbiAeneHHbix TpaHcnopTHbix KaHanoa mokot Mcnonb>30BaTbca 
Typ6oKOAnpOBaHMe. 

7. nepeMe>KeHMe 

B BapHaHxe ocyiAeciBneHMn KOflOBbie Cmtbi, noAne)KainHe nepeAane, nepeMexaKDicn no 48 
noAflnanasoHaM AaHHbix. flna pe>KMMOB pasHeceHna m ynpaBneHMn nynoM oahh hotok KOAOBbix 
611TOB nepeAaercfl h nepeMe>KaeTca no sceivi noAAi^anasoHaM AaHHbix. flna peKuwia 
npocTpaHCTBeHHoro MyjibTMnneKCi/ipoBaHna ao neTbipex noroKOB K0A0Bbix6MT0B MoryT 
nepeAaBaTbCfl no npocTpancTBeNHbiM KananaM HwcncM flo neTbipex. nepeMe>KeHMe mokot 
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BbinonHqTbCfl pasflenbHo flna Ka>Kfloro npocipaHCTBeHHoro Kanana, raK mto Ka>KflbiM hotok 
KOAOBbix flaHHbix nepeMe>KaeTca no bcsm noflflManaaoHaM flaHHbix npocrpaHCTBeHHoro Kanana, 
wcnonbayewioro f\na nepefla^H sToro noroKa. TaGnm^a 29 noKasbiBaer npmuiepHoe HasHaMeHwe 
KOflOBbix 6nT0B - noflflnanaaoHOB, Koropoe mokbt McnonbaoBaTbcn p,na nepeMe>KeHMq fljiq Bcex 

5 TpaHCnopTHblX pe>KMMOB. 

B oflHOM BapwaHTe ocymecTsneHnq nepeMe>KeHMe BbinonHqercq no bcgm 48 noflAnanaaoHaivi 
flaHHbix B Ka}KflOM MHTepsa/ie nepeMe>KeHMfl. fln^ 3Toro sapMaHTa ocymecTsneHnq Ka>Kflafl 
rpynna m3 48 KOflosbix 6iitob b noroKe pacnpeflenqercq no 48 noflflnanaaoHaM flaHHbix, MTo6bi 
o6ecneMMTb MacroTHoe pasHeceHiie. 48 KOflOBbiM QwraM b Ka>KflOM rpynne Moryr 6biTb 
HasHaMeHbi MHfleKCbi ot 0 flo 47. Ka>Kflbm nH^eKc KOflOBbix 6mtob accoi^MMpyeTcq c 
cooTBercTByioinHM noflflManaaoHOM. Bee K0A0Bbie6MTbi CKOHKpeTHbiM HHfleKCOM nepeflaiOTcq b 
accoL|MMpoBaHHOM noAAnanasoHe. HanpuMep, nepsbiw KOAOBbiM 6mt (c nHAeKcoM 0) b Ka>KAOM 
rpynne nepeflaeTCfl b noAflnanasoHe -26, BiopoPi KOAOBbiPi 5mt (c HHAeKCOM 1) nepeAaeicfi b 
noAAnanaaoHe 1 , rperMM KOAOBbifi 5mt (c nHAeKcoM 2) nepeAaercq b noAqnanaaoHe -17 m 
T.A- CxeMa nepeMe>KeHMfl MOKer ncnonbaoBarbCfl a^a pe>KMMOB paaHeceHi/ijq, ynpaBneHiisi 
nyMOM M npocrpaHCTBeHHoro MynbTunneKcupoBaHi/ia. AnbrepHaTMBHaa cxeiwa nepeMe>KeHMfl flnq 
pe>KMMa npocTpaHCTBeHHoro MyjibTunjieKcnpoBaHnq onucBHa HM>Ke. 

nepeMe>KeHMe wioJKeT anbTepHaTiiBHo uni/i flonoJiHHTeJibHo BbinonnqTbcq bo speMeHn. K 
npuMepy, nocne nepeMe>KeHi/ifl no noflfli/ianaaoHaM flanHbix KOflOBbie 6MTbi p,nf] Ka>KAoro 
^ noAananaaoHa wioryr nepeMe)KaTbCfl (nanpuMep, no oflHOMy KaApy PHY h/im OAHOMy FlBfl), 
HTo6bi o6ecneHMTb BpeMenHoe paaHeceniie. flnn pejKWMa npocTpaHCTBeHHoro 
MyjibTunjieKCupoBaHnq nepeMe>KeHMe M0>KeT laioKe BbinonHarbCfl no MH0>KecTBy 
npocTpaHCTBeHHbix KananoB. 

flonojiHMTejibHO nepeMe>KeHMe MOKei npHMeHflTbcn no pasMepHOCTAM cmmbojiob KAM, tbk 
HTO KOAOBbie 6MTbi, ctDopMnpyKiLAMe cuMBonbi KAM, OTo6pa>KaK)TCfl B paajiHHHbie 6MT0Bbie 
n03ML(MM cmmbojiob KAM. 

8. QTo6pa)KeHMe cuMBonoB 

Ta6nMMa31 noKaabiBaei OTo6pa>KeHMe cmmbojiob ajia paanMHHbix cxsm MOflyjiflMMn, 
nOAAep^KMBaeMbixci/icreMCM. f\nn Ka>KAOii cxeMbi MQAyjiflLfMM (aa MCKJiKDHeHi/ieM BPSK) 
nojiOBMHa 61/iTOB OTo6pa>KaiOTCfl b CHHc|3a3Hyio (0 KOMnoneHTy, APyraJi nojiosnHa 6htob 
^'^ OTo6pa)KaeTCn e KBaflpaiypHyio (S ) KOMnOHeHTy. 

B eapkiaHTe ocyi^ecTBrieHiin rpynna CMrnanoB A^q Ka>KAOM noAA6p>KMBaeMOM cxeMbi 
M0AynAL\mi MOKer 6biTb onpeAenena Ha ocHoee OTo6pa>KeHMsq fpea. flpn OTo6pa)KeHMM fpea 
coceAHMe TOHKM B rpynne curHanoB (kbk b /, raK m b ^?KOMnoHeHTax) OTJiMHatOToa ronbKO oahom 
6MTOBoCi no3ML;MePi. OTo6pa>KeHMe fpeq CHM>KaeT hmcjio GuroBbix oiuh5ok AJia 6onee sepoarHbix 

^ 0lUM60>HHblX C06blTHfi, MTO COOTBeTCTByei npHHSTOMy CMMBOJiy, OTo6pa>KaeMOMy b 

MecTononojKeHne B6nM3M npaBMJibHoro MeoTononoKeHnq, b KaKOBOM cnynae lOJibKO oamh 
KOAOBbiH 6mt 6yAeT nptiH AT c olijii6kcm. 
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SHaneHna /m Qi\n^ Ka>KAOM cxeivibi MOAy/iai^MM, noKasaHHoPi b TaSnm^e 31 , MacniTaenpyiOTca 

K03C|jC|3H14MeHTOIVI J*:^^^ HOPMMPOBKH TSK, HTO CpeflHflfl MOlUHOCTb BCeX CUmanbHblXTOHeK B 

accouMMpoBaHHOM rpynne cuma/iOB paBHO eflMHuqe. Ko3ct)Ct)imMeHT HopMiiposKH flnq Ka>KflOM 
cxeMbi MOflynHmiM nOKasaH b Taejim^e 31 . KeaHTOBaHHbie SHaneHna flnn K03Ct)t|)ML(MeHT0B 
HopMnpoBKM flnq noflflep>KHBaeMbix cxeM MOflynnLiMi/i TaK>Ke Moryr McnonbsoBaTbcn. CiiMBon s 
MOAynaUiMn m3 KOHKpeTHOM rpynnbi CMmanOB 6yAeT mvieTb cneAyHDiniiM bha: 

rp/s ^ \A o. flBJifiioTCfi 3HaHeHMFiMi/i B Ta6ni/iL(e 31 a^^ rpynnbi cMmanoB. 

flnn aaAaHHoro FlBfl Mop;</nnL\v\f\ MO)KeT OTni/inaTbcn no FlBfl m Mowei OTJinHaTbcn Anf 
MHO>KecTBa npocTpBHCTBeHHbix KaHanoB, wcnonbayeMbixAiin nepeflaHn AaHHbix. Hanpuwep, a^^ 
riBfl BCH paani/iMHbie cxeivibi MOAynsmi/iii Moryr HcnojibaoBarbcn ManKOsoro nmiOT-ciirHajia, 
ni/inOT-CHmana MBxMBbix m cooSineHMn BCH. 

9. 06pa6oTKa flna pe)KMMa npocTpaHCTBeHHoro MyrbTi/inneKci/ipoBaHMn 

fljin pe>KMMa npoCTpaHCTBeHHOro MyjibTMnneKCMpOBaHun flBfl iviOKei nepeAasaTbCfl no 
MHO>KeCTBy npocTpaHCTseHHbix KaHanOB, PaannHHbie cxewibi MOryr MCnonb30BaTbCH p,m 
o6pa5oTKM AaHHbixAJin nepeflanH no MHomecTsy npocipaHCTBeHHbix KaHanoB. flBe KOHKpeiHbie 
cxeMbi o6pa5oTKM A^a pe>Knivia npocTpaHCTBeHHoro MynbTi/injieKcupoaaHMfl onucaHbi HtDKe. 

B nepBOM cxeivie o6pa6oTKM KOAnpoaaHiie m npope>Ki/iBaHMe Bbino/iHAtOTcn pna Ka>KAOro 
npocrpaHCTBeHHoro Kanana p,n^ AOcriDKeHiifl >KejiaTenbHoPi KOAoeoPi CKopocru Ana KajKAoro 
npocTpaHCTBeHHoro Kanajia. n^. npocrpaHOTBeHHbix KaHanoB aha McnonbaosaHiifl aha nepeAanw 
AaHHbix paH>KMpyHDTca ot HaiiBbicujero k HanHMSiueMy OTHOiueHUHD C/LLI Ann npuHaroro CMmana. 
flaHHbie A-na ecero flbfl CHanana KOflnpytOTca, HTo6bi nonynnTb noTOK KOAOBbix 6mtcb co 
CKopocTbto 1/2. 3th KOAOBbie 6MTbi aaieivi npope>KHBa[OTca, HToSbi nonyHMTb>KenaTenbHyK) 
KOAOByio CKopccTb Ann KajKAoro npocTpaHCTseHHoro Kanana. 

npcpe>KMBaHMe MO>KeT 6biTb BbinonHeHO nocneAOBaTenbHO a-hh npocTpaHCTeeHHbix 
KaHanoB ot HamiyHiuero (r.e. HauBbiciuero C/LU) k HaMxyALueMy (T.e. HanHM3iueMy C/LJJ) 
npocTpaHCTseHHOMy KaHany. B HacTHocTn, npope>KiiBaioLAMM 6jiok cHanana BbinojiHaeT 
npope>KMBaHMe Ana HamiyHiuero npocTpaHCTBeHHoro Kanana c HauBbiCLumvi OTHOUjeHnew C/UJ 
Ansi npwHflToro cHrnana. KorAa npasMJibHoe hhcjio KOAOBbix 6mtob renepiipoBaHbi p,nf\ 
HannyHLuero npocTpaHCTBeHHoro Kanana, npope>Ki/iBaK>LHMM 6noK3aTeM BbinonHaeT 
npope>KMBaHMe p.ns\ sToporo nyniijero npocrpaHCTBeHHoro Kanana co cneAyioLUMM no BeJinHUhe 
OTHOujeHiieM C/IU A^a npi/iHAToro cHrnana. 3tot npoqecc npoAon)KaeTcn ao lex nop, noKa ne 
6yAyT rehepiipoBaHbi KOAOBbie 6MTbi p^r\ acex Ng npocTpancTBeNHbix KananoB. HopflAOK An^i 
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npope>KMBaHMa - ot HaM6onbiijero k HawMeHbuieMy C/LU flna npuHAToro CMmana HeaaBMcuMo ot 
KOHKpeiHOM KOflOBOM CKopocTM, McnonbsyeMow flJifl Ka>Kfloro npocTpaHCTBeHHoro Kanana. 

fljin npwMepa, noKaaaHHoro b TaSJim^e 28, 3456 nHctJopMai-iMOHHbix 6mtob, nop,ne>v.au\\Ax 
nepeflaMe b oSlhsm Kaflpe PHY, cHa'-iana KOflMpytoTcn SaaosbiM koaom co cKopocTbio 1/2, MTo6bi 

5 nonyHMTb 6912 KOflOBbix 6iiTa. flepsbie 3168 KOflOBbix 6mtob npope>KMBaK)TCfl c noMoinbK) 

npope>KMBaioinero maSnoHa flna koaoboh ckopocth 1 1/16, HTo6bi nonymiTb 2304 KOflOBbix ema, 
KOTopbie o6ecne4iiBaiOTCfl b Kaflpe PHY ajia nepBoro npocrpaHCTBeHHoro KaHana. C/ieflyioiUMe 
2592 KOAOBbix Sura sareM npope>KHBaiOTCfl c noMoinbio npope^saiomero iua6noHa flnq 
KOAOBoPi CKopocTM 3/4, HToSbi nofiyHi/iTb 1728 KOflOBbix 5mtob, KOTopbie o6ecneMMBaK)TCfl b 
Kaflpe PHY aha BToporo npocTpaHCTBeHHoro KaHana. Cneflytoinne 894 KOflOBbix 6MTa sareM 
npope>KHBaiOTCfl c noMombio npope>KMBaK)i^ero LuaGjiOHa flna koaoboh ckopoctm 3/4, HTo6bi 
nonyMMTb 576 KOflOBbix Gmtob, Koropbie o6ecneMMBaK)Tcn b Kaflpe PHYflnfl rpeibero 
npocTpaHCTBeHHoro Kanana. FlocneflHue 288 KOflOBbix 5mtob flna Kaflpa PHY npope}KMBaK>TCfl 
3aTeM c noMoinbK) npope>KMBaK)Lnero luaGnoHa p,na koaobom ckopoctm 1/2, MToSbi nonyMMTb 288 
KOflOBbix 6nT0B, KOTopbie o6ecneHMBaK)Tcn b Kaflpe PHY flns nocneflnero npocTpancTBeHHoro 
Kanana. 3tm MeTbipe OTflenbHbix Kaflpa PHY o6pa5aTbiBaK)Tcn flanee m nepeflaiOTCfl na MeTbipex 
npocTpaHCTBeHHbix Kananax. npope>KMBaHne fljia c/ieflyioinero o6inero Kaflpa PHY BbinonHneTCfl 
ananorMMHbiM o6pa30M. flepBafl cxeiwa oSpaSoTKii Mo>KeT 6biTb pearmsoBaHa FlPfl npoLieccopoM 
710b flaHHbix Ha (pvw.QA. 

^ Bo BTopoCi cxeMe o6pa6oTKM KOfli/ipoBaHiie m npope>KMBaHMe BbinonHniOTCJi flna napbi 

noAflnanaaoHOB. KpoMe Toro, KOflnpoBaHi/ie h npope>KMBaHMe nosTopjiroTCJi no BceM Bbi6paHHbiM 
npocTpaHCTBeHHbiM KaHanaM flnn Ka>KflOM napbi noflflnanaaoHOB. 

cturllC noKasbiBaeT 6noK-cxeMy, KOTopan MnnKjcrpiipyeT FlPfl npoijeccop 71 Od flannbix, 
KOTopbiM peannayeT BTopyw cxeMy o6pa6oTKM. Koflep 812 BbinonHaeT CBepTonnoe KOflnpoBaHHe 
CO CKopocTbio 1/2 6nT0B CKpeM6nMpoBaHMfl M3 CKpeM6nepa 810. Ka>Kfl0My npocTpaHcrseHHOMy 
KaHany HaaHanaeTcn KOHKpeTHan CKopocTb nepeflani/i, KOTopan accoLimipyercji c KOHKpeTHOM 
K0M6MHaL^Mefi KOflOBofi CKopocTM H cxsMbi MOflynflL(m/i, KaK noKaaano b Ta6jii/iMe 25. riycrb 
oSosHanaeT hmcjio KOflOBbix 6mtob na cuMBon MOfly/ifiLiMM flna npocxpaHCTBeHHorc KaHana m 
(unw, SKBUBaneHTHO, Hucno K0fl0Bbix6MT0B, nocbinaeMbix HB Ka}Kfl0M noflflnanaaoHe flannbix 
npocTpaHCTBeHHoro Kanana /??), a r„ o6o3HaHaeT KOflosyK) CKopocTb, Mcnonb3yeMyK3 flna 

npocTpancTBeHHoro Kanana m. SHaMeHneflna saencMT ot paawiepa rpynnw cumancB Ann 
cxeMbi MOflynai^nM, ncnonbsyeMofi flna npocTpaHCTBehHoro Kanana . B HacTnocTn, =1 , 2, 

4, 6 1/1 8 flna BPSK, QPSK, 16-QAM, 64-QAM m 256-QAM cooTBeTCTBeHHO. 

35 Koflep 812 noflaex hotok KOflOBbix 6mtcb co CKopocibra 1/2 na fleiviynbTMnneKCop 81 6, 
KOTopbifi fleMynbTunneKCupyeT npuHaibiPi hotok KOflOBbix 6mtob b neTbipe noflnoTOKa fljiji 
HeTbipex npocTpancTBennbix Kana/iOB. fleMynbTnnneKCMpoBanne o6ecneHiiBaeT nanpaBnenne 
nepBbix -1*1?; KOflOBbix 611TOB B 6yc|3ep 813a flna npocTpancTBennoro Kanana 1 , cneflyioiflMX li^r^ 
KOflOBbix 61/iTOB - B Sycjsep 813b flnfi npocTpaHCTBeHHoro Kanajia 2 m T.fl. Ka}KflbiM 6y4>ep 813 

40 npMHMMaeT Ab^r^ KOflOBbix 6mtob Ka>Kflbifi paa, ksk fleiviyjibTiinneKCop 81 6 npoxoflUT nepes ece 

neibipe npocipaHCTBenHbix Kanana. Bee m3 * KOflOBbix 6mtob co CKopocTbro 1/2 

noflaKDTcsi Ha neTbipe 5yc|3epa 813a-813d flna Ka>Kfloro nepwofla. flewynbTHnneKcop 816, tbki/im 
4s o6pa30M, npoxoflMT no Bcewi neTbipewi nosnMi/iaivi fljiji HSTbipex npocTpaHCTsenHbix KananoB flnn 

Ka>KflblX b^,^i KOflOBbix 6liT0B, HTO flBnJieTCfl HMCnOM KOflOBbix 6mT0B, KOTOpbie MOryr 6blTb 

nepeflaHbi b nape noflfluanasoHOB c McnonbsoBaHMewi ecex neTbipex npocTpancTBenHbix 
KananoB. 

Korfla Ka)KflbiM 6yctDep 813 3anonHeH Ab^r^ KOflOBbiMM SuTaMH flna cooTBeTCTByiomero 

npocTpancTBennoro Kanana, KOflOBbie 6MTbi b Gycfjepe npope>KMBaK)Tca, HTo6bi nonynHTb 
KOflOByro CKopocTb flna 3Toro npocrpancTBeHHoro Kanana. riocKonbKy 4A„r„ KOflOBbix 6iitob co 
CKopocTbK) 1/2 oxBaTbiBaiOT qenoe m/icno nepnoflOB npope>KMBaHMq flnq Ka}KflQro 
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npope>KiiBaioinero luaGnoHa, tohho 2b^ KOflOBbix 6mtob oGecneHMBaiOTcn nocne npope>KiiBaHMH 
flnsi Ka)Kfloro npocrpaHCTBeHHoro KaHana m. 2b^ KOAOBbix 6mtob flna Ka)Kfloro 
npocTpaHCTBeHHoro KaHana aareM pacnpeAenaioTcn (nepeMe>KaHDTca) no noflflnanaaoHaM 

AaHHblX. 

B BapwaHxe ocymecTBJieHiin nepeMejKeHwe BbinonHflexca flna Ka>KAoro npocTpaHciBeHHoro 
KaHana b rpynnax n3 6 noflquanaaoHOB OflHOBpeivieHHO. KoflOBbie 6MTbi nocne npope>KiiBaHna 
flnn Ka)Kfloro npocTpaHCTBeHHoro Kanana Moryr Sbiib npOHyiviepOBaHbi nocneAOBaTenbhO 

KaK , TAe /= 0, 1 , 2 MojKer nMeTbcn CHeiHiiK c„ Ann KajKfloro npocrpaHCTBeHHOro Kanana 

Ann noflCHeTa Ka>KAOii rpynnbi 113 6b^ koaobbix 6mtob, odecneneHMbix npope>KMBaK)iAHM SnoKOM 
Ann 3Toro npocrpaHCTBeHHoro Kanana. Hanpi/iMep, p,ns\ QPSK c =2 CHeiHHK GyAer 
ycTaHasnnBaTbCJi na c„ =0 p,nf\ KOAOBbix 6mtob c„ - , o6ecneHeHHbix npope>KMBaiomMM 
5noKOM, c„ =1 nocne KOflOBbix 61/iTOB c,j -c„ m t.a- SnaHeHne C„ cneTHiiKa AJif 
npocTpaHCTBeHHoro Kanana /77MO)KeT6biTb Bbipa>KeH0 kbk: 
C_ = [_»7(6b„)Jmod8 . ypaBHEHHe (23) 

HTo6bi HawTH noAAnanaaoH, KoropoMy HasHaHaeTca koaobbim 6mt c^, cnanana pj}f\ aroro 
KOAOBoro 6MTa naxoAHTCfl 5MT0BbiM MHAeKC cneAyioiAMM o6pa30M: 
6TiT0RT,TfT TTTT,TTeKC= (j mod 6) + 6 ' . ypaBHeHHe (24) 

BuTOBbm nHAeKC sareiw OTo6pa>KaeTcyi b cooTBeiCTByioiuMfi noAAnanaaon c ncnonbsoBaHMeivi 
Ta5niiqbi 29. 

flna BbiujenpuBefleHHoro npniviepa nepsaa rpynna ns 6 koaobhx 6iitob <^ - •■: CBJiSbiBaeTCfl c 
6MT0BbiMM MHAeKcaMM 0-5 cooTBeicTBeHHO, BTopa;i rpynna m3 6 koaobnx 6mtob - Tam^e 
CBJi3biBaeTCn c 6MT0BbiMH HHAeKcaMH 0-5 cooTBerCTBeHHO. KoAOBbie 6HTbi c„ v\ 6yAyT 
OTo6pa>KaTbca b noAAi^anasoH -26, KOAOBbie 6MTbi c. v\ i^-, GyAyr OTo6pa>KaTbCfl b noAAnanaaon 

1 M T.fl., KaK nOKaaano b Ta6nML(e 29. npocTpaHCTBeHHan o6pa6oTKa morgt SBTeivi 
HaMMHaTbca Ana 3tom nepBOii rpynnbi m3 6 nOAAnanaaoHOe. Tperbn rpynna m 6 koaobbix 6mtob 
•-a -f, (c =1) CBflSbiBaerca c MHAeKcaMM 6 - 11 cooTseTCTBeHHO, a HersepTaH rpynna n3 6 

KOAOBbix 6mT0B - ' 35 TaK>Ke CBn3blBaeTCfl C 5l/IT0BblMM HHASKCaiVlH 6-11 COOTBeTCTBeHHO. 

KoAOBbie SiiTbu , M 6yAyT OTo5pa)KaTbCfl B noAAnanaaoH -25, KOAOBbie 6nTbi n SyAyr 
OTo6pa}KaTbca b noAAnanaaoH 2 v\ t.a. llpocTpaHCTBeHHafl o6pa6oTKa iviOKer sareivi HannHaTbC?! 
Ana 3T0M cneAyfOineM rpynnbi H3 6 nOAAnanaaoHOB, 

Hucno 6 B ypaBHSHMM (24) cnSAyer m3 TOro cpaKra, hto nepeMajKBHue sbinojiHaeTCa b 
rpynnax m luecTn nOAAi^ana30HOB. Onepamin (mod 8) b ypaBHehUM (23) cnSAyex m3 loro 
ct^aKxa, HTO MMeerca Boceivib nepeMe>KaKDLi^Mxcfi rpynn Ann 48 nOAAi^anasoHOB AaHHbix. 
□ocKOnbuy na Ka>KAOM nepHOAe ASMynbTMnneKCOp 81 6, nOKasanHbifi na cjDnr. 1 1 C, Bbipa6aTbiBaeT 
AOCTaTOHHO KOAOBbix 6mtob, HTo6bi sanonHMTb ABB nOAflnanasoHa Ana Ka>KAOM lUMpOKOnonocHOM 

C06CTBeHH0M MOAbI, BCS 24 nSpMOAa HeoSxOAHMbl, HT05bl oGeCneHMTb 48Zj^ KOAOBbix 61ITOB 

Ana OAHoro CMMBona MOPM Ana Ka}KAoro npocTpancTBeHHoro Kanana. 

nepeMe>KeHi/ie b rpynnax m3 6 noAAi^anasoHOB OAHOspeMeHHO MO>KeT CHMSMTb 3aAep)KKM 
o6pa5oTKM. B HacTHocTM, npocTpaHCTseHHaa o6pa6oTKa MO)KeT HaHUHaTbcn, KorAa Ka>KAaa 
rpynna h3 6 noAAnanaaoHos Aocrynna. 

B anbrepHari/iBHbix BapManrax ocyLi^ecrBJieHiin nepeMe}KeHMe Mo>KeT BbinonHRTbcn Ana 
Ka>Kfloro npoCTpBHCTBeHHoro Kanana b rpynnax h3 noAA^^anasonoB OAHOBpeivienHO, rfle 
wo'M.Qj 6biTb nK)6biM LfenbiM HMcnoM (nanpuMep, N„ Moxer Sbirb pasno 48 Ana nepeMe>KeHiia 
no BceM 48 nOAAnanasonawi Aannbix). 

VI. KannepoBKa 

flna cMcreMbi flBP nucxoAnmaa m BocxoflaiMaa jimhmm coBMecTHo ncnonbsyiOT oflny m Ty xe 
HacTOTHyK) nonocy b AynneKCHOM pejKwivie c pasAenenneivi no BpewieHM. B stom cnynae Me>KAy 
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KaHajibHbiMM oTKriMKaMM HMcxoflflLnew n Bocxoflamen HHHMM cymecTByei, kbk npaBMHo, sbicoKan 
creneHb Koppenqi^MM. Sia KoppennL\M3 Mo>KeT 6biTb McnonbaosaHa flna ynpomeHnq oi^eHKM 
Kanana m npocTpaHCTBeHHOM o6pa6oTKH. flna ci/icreMbi flBP Ka)Kflbm noAAnanaaoH 
6ecnpoBOflHOM nwHi/iH MO>KeT npeflnonararbca o6paTMMbiM. To ecTb ec/in H(k) npeflCTaanneT 
5 MarpMLiy KananbHbix otkhmkob m3 aHreHHoiJi peujeTKM A b aHxeHHyio peiuerKy 5flnn 

noflflnanasoHa k, to oSpaTHMbifi KSHan noflpaayMeeaeT, hto CBflSb or peiueTKM k petueiKe ^ 
aaflaercfl rpaHcnoanLiMeM H(h) , Koropan npeACTaBJineT co6om H^'(k) . 

OAHaKO OTKHMKi/i (ycMJieHne M ctjaaa) i^eneti nepeAann i/i npMeivia b nyHKre flocryna oSbimho 
OTJiMHaiOTca OT OTKJiMKOB L|eneM nepeflaMM m npneivia b nonbsoBarenbCKOM lepMHHajie. HTo6bi 
HaMTM paannHMe b nacTOTHbix orttnuKax i\ene\A nepeflaHM/npi/ieivia b nyHKie Aocryna v\ 
nonbsoeaTenbCKOM repiviMHane m yHecTbaro pasniiHHe, MO>KeT BbinonHaibcn KanM6poBKa, HTo6bi 
KannGpoBaHMbie otkhmkm HucxoAaiAew n Bocxonainefi jinHMfi Momn 6biTb Bbipa>KeHbi b repiviiiHax 
flpyr Apyra. Korfla Menu nepeflaHn/npneMa KanM6poBaHbi m ymeHbi, nsMepeHne A^ifl oflHofi 
nnHMM (k npuMepy, HMCxoAaineM) MOJKer 6biTb McnonbsoBaHOflJifl nojiyHeHwn ynpaBJinroiAnx 
15 BeKTopoB Ann flpyrofi nmm (k npuwiepy, BocxoAflinefi). 

"3c|5ctieKTMBHbie'' KaHanbHbie otkhmkm HJk) v\ S^JV mcxop^ii\evi m BOCxoAa^efi jimhmm, 
KOTopbie BKHNDHBtoT B ce6fl oTKJiMKn cooTBeTCTByK>i4Mx qeneti nepeAaMM m npneivia b nyHKie 
AOcryna m nojibSOBaTejibCKOM repMUHane, wioryr 6biTb Bbipa)KeHbi kbk: 
IjLW = R«(^')H(*)T,p(*), fljia /:eiS:, H YpaBHeHHe (25) 

H„pW = R,p(*)H^i')T„(A) , Jinfl ire if, 

rfle rj^,!*:) v\ R^(^> aenafOTCSR AnarOHanbHbiMMMaTpMLiaiviM paaiviepa JV^;, x^^p c 
cocTaBnaHDLnnMM Ana KOMnjieKCHbix K03(t)ctDHL(i/ieHT0B ycuneHMH, CBflaaHHbix c nenbK) nepeflaHH w 
_2.5 Menbto npneivia cooTBercTBeHHO aji^i aHieHH b nyHKie Aociyna p,n9\ noAAnanaaoHa A; 

T„(k) v\ R^jk) asnfltoTC?! AnaroHanbHbiMn MaTpMLiaMM paaiviepa A^,, xJV.., ccocxaBJinioiAHMM 
Ann KOMnneKCHbix K03C|DC|DMLiMeHT0B ycmieHMn, cenaaHHbix c qenbKD nepSAaHM m L|enbK) npnena 
cooTBerCTBeHHO Ann A"„, aHieHH b nonbaoBarenbCKOM lepiviMHane A^n nOAAnanaaoHa k, m 

3Q Ki^) HBnneTCH MBTpMMeki KananbHblX OTKJIMKOB paSKiepOM Af"„,xJ^^ Ann HMCXOAHmeHJIHHMH. 

KoM6iiHi/ipyn stm ABa ypasHeHi/isR b Ha6ope (25) ypaBHeHMM, mokho nonyHMib cneAyiOLi^ee 
cooTHOLueHiie: 

H,(t)K.(fc) = (H^WK,(.)f , ^inH *E^, ypaBHeHKe(26) 

rieBan nacTb ypaBHeHMn (26) npeACTasnaeT "hctmhho" KajiM5poBaHHbiM KaHaribHbM oTKnMK b 
BocxoAameM nnHMM, a npaaan nacTb npeACTaBnaex TpaHcnoanqmo "mctuhho" KannSpoBaHHoro 
KaHanbHoro OTKJii/iica b HMCxoflnii^ePi nwHi/in. ripmvieHeHMe AnaroHanbHbix Marpi/iL; K^(ti) m 

KJ^) flnn 3C|DCj3eKTMBHblX KaHajlbHblX OTKnUKOB HMCXOAniHeM nHHUM M BOCXOAniHeM nUHMM 

cooTBercTBeHHO, KaKnoKaaaHO b ypaBneHnn (26), nosBonneT Bbipasnib KanM5poBaHHbie 
KaHanbHbie OTKriMKH Ana HMCxoAaiAePi n eocxoAauJiefi nnHUM KaKTpaHcno3ML(HM Apyr APyra. 
fluaroHanbHaa MaTpkma pasMepoM v.,, X'^^'^^ Ana nynKia AOcryna aBnaercn 

OTHoujeHMeM oTKni/iKa Rap(i^) npiieMHOM qenH k oTKniiKy mpep,a\Q\i\Qv\ qenii (T.e, 

45 R fk) ), me 3T0 OTHOLueHHe 6epeTcn Ha noaneMenTHOM acHose. AHanornMHo 

AMarohanbHaa MaTpuqa A;„,(^j paaiviepoM x^',,. Ana nonbaoBaienbCKoroTepMUHana 
aBnasTca oTHOLueHneM OTioiHKa R^/k) npiieMHOM neni/i k oTKnwKy T^/h) nepeAaiomeM Lienn. 
so MarpuLibi E.^(k) n K^(k) BKniOHaiOT b ce6a SHaHeHun, Kcropbie Moryr ynnTbiBaTb 

pasjiMHun B qennx nepeAaHn/npneMa b nyHKie AOcryna m nonbaoBarenbCKOM repMnnane. 3to 
sareivi nosBonuT Bbipaamb KaHanbHbiPi otkjimk Ann oahom nnHiin nepea KahanbHbiCi OTKnMK Ann 
Apyrofi nnHMM, kbk noKaaaHO b ypaBheHUM (26). 
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Mo>KeT 6biTb BbinoriHeHa KaJiM6poBKa, 4To6bi HaMm MaTpHL(bi s^{k) m s^^(k ) . KaK 

npaawjio, HCTHHHbiH KaHaJibHbiH oTicnHK H{k) H oTKJiHKM L^eHH nepeflaHn/npi/ieMa HeHSBecTHbi m 
He Moryr 6biTb tohho hhm nerKO ycraHOBneHbi. BiviecTO aroro mojkho OM,eHHTb 3cf)c|3eKTHBHbie 
KaHajibHbie otkjimkm Hwcxoflflinefi m BOCxoflaineM jimhum Hjk) v\ H^fk) cooTeeTCTeeHHO hb 
^ ocHOBaHMM nkinoT-CMmajiOB, nocnaHHbix no HMCxoflaiu[eM m Bocxoflainew nMHunivi, kbk onucaHO 

HM>Ke. OL\eHKM MaTpML| M K.j(k) , KOTOpbie HaSblBBIOTCyi KOppeKTHpOBOHHblMM 

MarpuqaMM jj-^^j^^ ijk) , M0>KH0 3aTeM BbiflennTb Ha ocHOBaHnn OL;eHOK a^fAr; m 
ff KananbHbix otkjimkob Hi/icxo^s^Li^eM m BocxoAfiLi^eDi miHi/iM, KaK onMcano Hii^e. MarpHi^bi 

10 

jf ^jf^^ M Kjk) BKnK)<-iaK)T B ce6n KoppeKTupoBo^Hbie K03cf)ct)imi/ieHTbi, KOTopbie Moryr 

yMMTbiBaib paajiMHMfl b qennx nepeflaHn/npnewa b nynKie flocryna m nonbaoBarenbCKOM 
TepMMHane. 

"KajiMGpoBaHHbie" KananbHbie otkhhkii HMcxoAnineM m BocxoAflineM jimhmm, HaSnioflaeMbie 
^5 nonb30BaTenbCKMM TepMMHanoM M nyHKTOM flOCTyna cooTBercTBeHHO, mo>kho BbipasHTb kbr: 
H.^(fc) = H,(fe)K,,(^) , iteif, „ ypaBHeHHe(27) 

^ ^PI^KcJ(k) M^,„^(A:i aBJiatoTcn Bbipa)KeHMqMM "MCTMHHoro" KanM6poBaHHoro Kana/ibHoro 
OTKHMKa B ypaBHennn (26). KoMSnHMpya flBa ypaBHehMa b Ha6ope (27) ypaBHeHufi c 
Mcnonb30BaHneM Bbipa)KeHMfl b ypaBHeHUM (26), mo>kho noKaaaib, hto Kc^\k) '=ii,J(k) 

TOHHOCTbCOOTHOUJeHMJI ~H,J(k) 3aBMCMT OT TOHHOCTM MBTpUM jf^j^^j V[ KJ^) ■ 

KOTopan, BCBOKjoMepeAb, oGbNHoaaBMCMTOTKaMecTBaoLieHOK H^fA:; m jj KaHanbHbix 

OTKJIMKOB HV\CXOp^\i\&Vi M BOCXOA^LMeM nMHMM. 

KanM6pOBKa moxct 6biTb BbinoriHeHa c noMOiAbK} paani/iHHbix cxeivi. ^ns^ jqcHOCTn niDKe 
onMCbiBaeiCfl KonKpeiHan cxeivia KanM6pOBKi/i. HroSbi BbinojiHwib Kann5pOBKy, 

3Q nonbaoBarenbCKHM repMMHan CHa^ana nonynaeT CMHxpOHnaaMnio \a nacTOTy nynKra flocryna na 
ocHOBaHHH MaflKOBoro nmiOT-CMmana, nepeAaHHoro no KaHany BCH. Sarervi nonbaoBaTe/ibCKMii 
repMi/iHan nocbinaex coodmeHwe no Kanany RACH, HioGbi nHMLji/inpoBaTb npOLiSAypy 
KanM6poBKM nyHKTOM Aocryna. Sia KannOpoBKa ivio>KeT BbinonHatbca napannenbHO c 
perncTpanMeM/ayTeHTMCtDHKaqiieui. 

^ riocKoribKy MacTOTHbie otktiukm Lienew nepeAaHn/npneivia b nyHKie AOcryna m 

nonbSOBareribCKOM repMMHane, KaK npaBi/ino, paBHOMepHbie no SonbiueM nacTui nonocbi, 
npeAcraBJif^iOLAeM MHiepec, pasni/iHkin yckineHkin/clsasbi L;eneM nepeAanki/npi/ieivia mo>kho 
xapaKTepM30BaTb Ma/iuM hmcjiom noAAi^anasonoB. Kajii/i6pOBKa MO>KeT BbinoriH$iTbCfl pfw\ 4, 8, 
1 6, 48 kinn KaKoro-Hii6yAb kiHoro HMcna noAAi^ana30HOB, Koropbie mo>kho KOHKpeTM3iipoBaTb b 
coo6Li^eHkiki, nocnaHHOM pj\^\ MHi/iL|kikipoBaHMn Kanki6poBKki. Kanii6poBKa MOKer TaK>Ke 
BbinonhaTbcn Ana nunoTHbix noAAMana30HOB. KajiM6poBOHHbie nocTonHHbie a^^ 
noflquanasoHOB, na Koropbix KanM6poBKa He BbinonhaeTcn b aBHOM BHAe, Moryr 6biTb 
BbNMCJieHbi MHTepnonai^Mefi na KannGpoBaHMbix noflAManasohax, flna acHOCTM Aa-nee 
npeAnonaraerca, hto KanH6poBKa BbinonHaeTcn A-na Bcex noAAnanasoHOB Aannbix, 

flna KanM6poBKM nyHKTAOcryna BbiAenaeT nonbSOBareribCKOMy repiviMHany AOCTaroHHO 
BpeivieHH B Kanane RCH, MTo6bi nocnaib nMnoT-CMman MBxMBbix BOCxoAaineH jihhmm 
AOCTaiOMHOiii AnnTenbHOc™ nnioc coo6ineHne. flnmenbHOCTb nunoT-CMmana MBxMBbix 
BOCxoAameM nnHnn mojkst 3aBMceTb or Hucna noAAnanasoHOB, no KOTopbiM BbinonHaerca 
KanM6poBKa. Hanpi/iwep, 8 cuMBonoB MOPM mokbt 6biTb AOCTaroHHo, ecnn KanM6poBKa 
BbinoHHaeTca flna neibipex noAflMana30HOB, a 6onbijje (k npMMepy, 20) cmviBonoB MOPH Moryi 
6biTb Heo6xoAMMbi Ana 6oJibLuero m/icna noAA^anaaoHOB. floJiHaa Mou^Hocrb nepeAam/i o6bNHO 
cjjMKCupoBaHa, TaK «HTO, ecjiM nunoT-curHan MBxMBbix nepeAaerca b ManoM Hucne 
noAAi^anasoHOB, to 6ojiee BbicoKne SHaneHMa molahoctm nepeAani/i mo>kho Mcnonb30BaTb Aiis^ 
Ka>KAoro 113 3TMX noAAi^ana30HOB m OTHOLueHne C/LU a^^ Ka>KAorc noAA^ianasoHa BbicoKoe. 
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HaoSopoT, ecHM ni/inoT-cMman MBxMBbix nepeflaerca b SonbiuoM Mi/icne noAAwanasoHOB, to 
MeHbiiii/ie 3HaMeHMH moluhoctm nepeASMM mo>kho ncnonbaoBarbflna Ka>Kfloro noflflnanaaoHa m 
OTHoiiieHwe Cyiil a^h Ka>Kfloro noflflwanaaoHa CHH>KaeTCfl. Ecni/i C/UJ Kaxifloro noAA^iariaaoHa 
HSAOcraTOHHo BbicoKoe, TO Sonbuje cmmbojiob MOPH Mo>KeT 6biTb nocnano flJin nHnoT-cMrHana 
5 MBxMBbix M 6yfleT MHTerpiipoBaTbcn b npMeMHMKe pjnn noJiyMeHi/in 6onee BbicoKoro oTHoiiieHHn 
C/ULI flnq noflflnanaaoHa. 

rionbaoBaTenbCKMM repMUHan aareivi nepeflaei Ha RCH nHnoT-cMman MBxMBbix, KOTopbiti 
McnonbayeTCfi nyHKTOM flocryna flna BbifleneHi/ia 0L(eHKM 34)ct)eKTMBHoro KananbHoro OTKni/iKa 
ff f^l^j BocxoflnineM hmhhh flna Ka)Kfloro h3 noAflManaaoHOB flaHHbix. OiieHKM KaHanbHbix 

^'^ OTKHMKOB BOCXOAameM ni/IHWM KBaHTyiOTCfl (HanpMMep, HB 12-6MT0Bbie KOMnneKCHbie 3HaHeHMfl c 

cnHCtDasHOM (' ) M KBaApaTypHOui {Q ) KOMncHeHTaMn) m nocbmaroTcn k nonbaoBaTenbCKOMy 
TepMMHany. 

nonbsoBaTenbCKUM repMUHan TaK)Ke Bbiflejiaer 0L|eHKy H_i,(k} 3c|3c|3eKTMBHoro KaHanbHoro 
CTKHMKa HMCxoAnii^eM nMHMki pf]f\ Ka>KAOro 1/13 noAAManaaoHOB ASHHbix Ha ocHOBaHim ni/inoT- 
CMrnana MBxMBbix, nocjiaHHoro na BCH. Flo nonyneHMH acjDCfieKTMBHbixcLieHOK jy m 

H.j„(k) KBHanbHbix 0TKJ1MK0B BocxoAflLMeM M HMcxoA^LMeM HMHUM pj\i\ Bcex noAaManasoHOB 
flaHHbix nonbaoBaienbCKiiCi repMUHan HaxoAm KoppeKiiipoBOHHbie Koacfxtii/iMMeHTbi jf- m 

20 i.is(i<:) Ana Ka)KAOro m3 nOAAwanaaoHOB AaHHbix, KOropbie nOAne>KaT MCnonbaoBaHnio nyHKTOM 
Aociyna m nojibaoBarenbCKUM lepMUHajioM cooTBeTCTBeHHO, Mo>KeT 6biTb onpefle/ieH 
KoppeKTupoBOMHbiti BeKTop h^^(k) ' HToSbi BKJiioHMTb TonbKO AnaroHajibHbie 

anewieHTbi ^"^^f'A:^ , i/i MO>KeT 6biTb onpeAeneH KoppeKTi/ipoBOHHbifi Beicrop ^ rj^^ , >HTo6bi 

25 BKHiOMHTb TonbKO AMarOHanbHbie sneMGHTbi K.j,(kj . 

KoppeKTMpoBOHHbie K03ct)c|Dm4MeHTbi MoryT 6biTb BbiAeneHbi pasnnHHbiMM nyraMM, b tom 
MMcne BbiHMCJieHneM OTHOiijeHMa MarpuM m BbNucjieHneM MCKO. 06a stmx cnoco6a 
BbiHMcneHM3 6onee noAPo6HO onucbieaiOTca HV\7K.e. TaioKe Moryr ncnonbaoBaTbca APyrne 
cnoco6bi BbiHucneHna, KOTopwe bxca^it b o5"beM ii3o6peTeHiia. 

30 1 . BbiHMcneHne OTHOLueHUfi Maipkm 

HT06bl HaWTH KOppeKTMpOBOHHbie BeKTOpbl ^ j^j^J "I ^ fA" ) , CHaHaJia A™ Ka>KAoro 

noAflnanaaoHa AaHHbix npM aaflaHHbix 3c|DCt)eKTMBHbix oi^eHKax j7i,rA; h jj ^j^j KaHanbHbix 
OTKHHKOB BOCxoASLAeM M Hi/icxOAaineM nHHMM BbNMCnneTCfl MarpHna C(k) paawiepa {Nut ^^^^ ) 
^ cneAyiOLUMM o6pa30M: 

Cik) = $^ , AJTJT iteiST, ypaBHeHHe(28) 

40 FAe OTHOujeHMe depeica na noaneMeHTHoCi ocnoBe. Ka>KAbiii ajieiweHT c(k) MO)KeT, xaKUM 

oSpaaoM, BbiMMcnflTbCfl kbk: 

c, , (Jfc) = , WW i = {1 ... JV„ } H ; = {1 ■'V^ } , ypaBHCHHe (29) 

^ ^fV^ h^. .(k) yiBnaerca (-/)-M sneMeHTOM (cTpoKOfi CTon6L|OM) ^^^^j^.-^ >h^ .(k) ^BJiaeTca 
(/j')-TbiM sjieweHTOM , a c, jf A:.J nBJineTcn (/ijii-TbiM aneivieHTOM c^'Ar; . 

KoppeKTupoBOHHbifi BeKTop k^(k) fl"^ nyHKTa Aocryna p.anee paeeH cpsAneMy or 

55 HOpMMpOBaHHbixcTpOK C(A; . KajKAan CTpOKa c^^A^ CHanajia HOpMMpyeTcn nyreivi 

MaciiJTa6kipOBaHMn Ka>KAoro m3 ajiewieHTOB e crpOKe nepBUM ajieMeHTOiw b stom crpOKe. 
TaKHM o5pa30M, ecJiM c.f'jt; = Ip.jf'^j c^j^ ('Jt^J HBnneTCfl /-tom crpoKoii CfA^ , to 
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HopMHpoBaHHa^i crpoKa c (k) MO}KeT 6biTb Bbipa}KeHa KaK: 

£.« = K,(A)/c,j(A) ... c,.^(*r)/c,j(<:) ... c„^^C*:)/c./fc)] . YpaBHeHMC (30) 

CpeflHee HOpwiwpOBaHHbix crpOK nenaeTCa Torfla cywiwiOM HOpwiHpOBaHHbix crpOK, 
nofleneHHOM Ha n^,, mo mo>kho Bbipaamb KaK: 

i^i^) = ^Y^lA^^ , Wia k&K. ypaBHeHHe(31) 

BcjieflCTBMe hopmmpobkm nepsbifi aneMeHT ^ nBJineTca eAMHui^ew. 

KoppeKTupoBOHHbifi BSKTop ^ j'jj.^ flnfl nojibaoBarenbCKoro repiviMHana paBen cpeflHeMy or 
MHBepCHii HOpMHpOBaHHbix ctohSliob c[k) . j-Jb\v\ CTonSei^ c[k) HOpMHpyercn nepBbiM nyreivi 
MaciiJTa6MpoBaHMfl Ka>Kfloro snewieHTa b crojiSue /twm snewieHTOM BCKTopa u^(k) • KOTopbiM 
oGoaHanaeTcn KaK K^ , ,(k) . TaKMM oSpaaoM, 

ecnn Cj (k) = [cj/ArJ c^. ,(A-jf" flBJlflerCfl /TblM CT0n6M0M C(k) , to HOpMI/ipOBaHHblfi 

CT0Ji6eL\ ^ Mo>KeT 6biTb Bbipa)KeH kbk: 

ij(fc) = [Ci.j(*)/JS:^j./fe) ... c,Jk)/K^^Jk) ... c«_,,/A)/i:.^,j,/jt)f.ypaBiieiiide(32) 
CpeAHee or nHeepCMii HOpMMpOBaHHbix CTon6L^OB flBnnercn TorAa cyMMOii MHBepcuiii 

HOpMUpOBaHHblX CTpOK, HOfleneHHOM Ha JV^ , 4T0 mo>kho Bbipaai/iTb KaK: 

1 1 

km(^')-— StTTT ypaBHCHHe (33) 

rfle MHsepcua ^ ^yt;') or H0pMMp0BaHHbixCT0n6L(0B BbinojiHaeTCn nosneivieHTHO. 
2. BbNMCJieHMe MCKO 

flriFi BbiHMcneHun MCKO KOppeKTupOBOMHbie K03ctDC|Dni4MeHTbi \a Kjk) BbiflenpiiOTcn 

M3 3Ct)Ct)eKTHBHblX OmeHOK n^^.-fh) M KaHBnbHblX OTKJIUKOB BOCXOflHLHeM H HMCXOflaiHeti 

jiMHi^^, TaK HTo cpeAHeKBaApaTMHHasR oujiiGKa (CKO) (MSE) Me>KAy KaniiGpoBaHHbiM KananbHbiM 

CTKJIMKOM HMCXOA^LAeki nklHUM M KanM6pOBaHHblM KananbHbiM OTKnUKOM BOCXOAS^LUeM JIUHMM 

MMHMMkiskipyeTcsR. 3to ycnoBMe mo>kho BbipaaiiTb KaKi 
nnn|(H^(^)K^(A^))'"-(H^(fc)K,(fc))|' , im keK, YpaBHeHHe (34) 

KOTopoe MO>KHO TaK>Ke aanncarb kbk: 

min |K^(*)HL(t)-H^CA)K,(^)j' ^ keK. 
rfle '(k)-K (k) . nocKOfibKy ^/^j ABnaercn AnaroHanbHow MarpuLieM. 

Pnr\ vpaBHeHiie (34) wivieeT MecTO orpaHMHenMe, comacHO KOTopowy BeAyi^nM sneivieHT 
K^(k) ycTaHaBJiMBaeicn na eAMHMMy (i.e. jj-^^ )■ SToro orpaHUHeHun GyAer 

nonyneHO ipuBiianbHoe pemeHne co Bcewin aneMeHiaivin Maipim jj- m Kjh ) , 

ycTaHOBneHHbiMi/1 na Hynb. B ypaBheHiii/i (34) MaipMLia Y(k) noJiyHaercfl kbk 
Y(k) = k ^(k)H ^ (k)- H ^(k)K^f(k) ■ KsaApar a6conK)THoro 3HaHeHMfl nonynaeTcn sareM 
Ann Ka)KAOH MS JV,p ■'n^ cocraBnfliOLAMXMaTpMLibi Fffe; . CpeAHeKBaflpaTUHhan oiiji/i6Ka (iinM 
Ksaflpai olum6km, nocKonbKy AeneHne Ha .n^, onycKaercfl) pasna TorAa cyMMe scex .^^ 

KBaflpaTHblXSHaHeHMM. 

BbNMcneHi/ie MCKO BbinonHaerca pj\^\ Ka>KAoro HasHaneHHoro noAA^anaaona, HTo6bi 
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nonym/iTb KoppeKTMpoBOHHbie K03ct»ct)i/mHeHTbi ^ ^^/^^ v\ Ejk) AHfl noflflHanaaoHa. 

BbNMcneHMe MCKO p,na oAHoro noflflManaaoHa onMCbiBaercfl HH)Ke. flnji npocroTbi MHfleKc <<■ 
noflflnanaaoHa onycKaerca b HHJKecneflyioineM onMcaHHH. TaioKe flnji npocroTbi sneMeHTbi 

OL|eHKM Hj(k) HMCXOAJIlMeM JIMHMM oOoSHaHaiOTCSI KBK {^ij}, SneMeHTbl OHeHKM ^if-j 

BOCKOfiRu\eiA nmm oSosHaHafOTcn KBKi^. }, AwaroHanbHbie aneivieHTbi Marpiii^bi 

o6o3HaHa[OTca ksk { u. }, a fluaroHajibHbie ajiewieHTbi MaipuMbi k^, oGosHaHatoTCfl kbk { }, 

rAeF{1 ... .v^ )v\j={^ ... .v^}. 

CpeAHeKBaApBTMHHas^ oujii6Ka MO>KeT 6biTb nepenncaHa 113 ypaBHeHkin (34) cneAyHSu^MM 
06pa30M: 



MSE = |;^la^«,-V/l' ' 



ypaBHemie (35) 



BHOBb MMeer wiecTo orpaHi/iHeHi/ie u^=^. Mi/iHi/iMaiibHan cpeAHeKBaApaTWHHan oiieHKa MQ>KeT 
6biTb nonyneHa B35iTiieM HacTkiHHbix npoMSBOflHbix or ypaBHeHun (35) no w m i/m ycraHOBKOii 
3TMX nacTi/iHHbix npOM3BOAHbix HB HyHb. PesynbTaTaMM stmx onepaMnii sBnaiOTcn cneAyiomiie 
Ha6opbiypaBHeHMi?i: 



YpaBHeHMe (36a) 



ypaBHemie (36b) 



B ypaBHeHMM (36a) u^=^ , raK hto pj\f\ 3Toro cnynafl hbt HacTHoCi npoi/i3BOAHoCi 1/1 iiHAeKC / 
M3MeHneTCfl ot 2 flo . 

Ha5op M3 {^'ap + -1) ypasHeHufi b Ha6ope ypasHeHi/iw (36a) n (36b) MO>KeT 6biTb 6o;iee 
TpaAMMMOHHO Bbipa)KeH B MaTpMHHOfi cjDopMe cneAyroinMM oGpasoM: 



rfle 



Ay = z , 

0 
0 



0 



YpaBHeHPie (37) 



0 ... 0 



1=1 

0 0 



0 f.K\' 
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MarpnLia d BK/itonaeT b ce6a (a'^ -1) crpoK, npuneivi nepBbie JV^ -1 crpoK 

cooTBercTByiOT -v^ -1 ypaBHeHiwM us Ha6opa (36a) ypaBHeHwii, a nocneflHue .v„ crpOK 
cooTBercTByioT n\, ypaBHeHMJiM ki3 HaSopa (36b) ypaBHeHnfi. B HacTHOCTM, nepsafi crpoKa 

MaTpnqbi A reHepiipyeTcn m3 Ha6opa (36a) ypaBHeHMM npM /=2, BTopan crpoKa reHepMpyercfl 
npH - =3, M T.fl. jV„ -fl cTpoKa Majpimbi A reHepMpyercfl m3 Ha6opa (36b) ypaBHeHWM npw j=^,v\ 
T.fl., a nocneAHJin CTpoKa reHepMpyercfl npn /=-V,,. KaK noKaaaHO sbiiue, cocTaajinioiuMe 
Maipnubi A M cocTaBnatomne eeKiopa ; Moryr 6biTb nojiyHeHbi Ha ocHoeaHnn cocTaenfiiOLUMX 

20 

wiarpi/iq hJ m jy . 

KoppeKTI/ipOBO'-IHbie K03C|3Ct)l1L;MeHTbl BKnK)>HaK)TCSR B BeKTOp y , KOTOpbIM MO>KHO nonyHMTb KaK: 

y = A"'z . ypaBHCHHe (38) 

25 

PeaynbTaraMM BbNucneHi/ifl MCKO nBJiHKDTcn KoppeKTi/ipoaoHNbie MaxpnLibi v\ 

KOTOpbie MMHMMH3HpyKDT CpeAHeKBaApaTMHHyK) OLUIlSKy B KanM6pOBaHHblXKaHanbHblXOTKnMKax 

HMCxoflSRinePi M BOCxOAnLneii niiHHM, kbk nOKaaano b ypaBHeHHH (34). flocKOnbuy wiaTpMLibi i n 

30 Ku: nonyneHbi na ocHOBaHnn oqeHOK v\ fj KananbHbix otkjimkob Bocxoflflu^eM m 

HMcxoA?iiJ4eH nnHMM, KanecTBO KoppeKTMposoMHbix Marpnui i;^,. m a,. , raKMivi oSpaaoM, saBncMT 

OT KanecTBa KananbHbix ol^shok m . nunoT-cumaji MBxMBbix MO>KeT ycpeAHarbCsq b 

^ npMeMHHKe, HTo6bi nonyHHTb 6onee roHHbie OL|eHKi/i aha ^a, " JJ ■ 

KoppeKTi/ipoBOHHbie MarpiiLibi K^v\t^ , nonyneHNbie na ocHOBaHnii BbHi/icneHi/in MCKO, b 

o6iAeM nyniue, Meivi KoppeKTupoBOHHbie MaipuMbi, nonyHennbie na ocHoeaHmi BbiHuc/iehun 
OTHOUjeHMJi Marpm^. 3to oco6eHHO npaBUJibho, KorAa neKOTopbie m3 KanajibMbix 
K03c|3ct)MMMeHTOB ycuneHMfi Majibi M M3MepeHHbiM Luywi MO)KeT cunbHo yxyALUMTb KaHanbHbie 
KoacjjcjjMMneHTbi ycmieHMa. 

3. nocneAytOLMee BbNi/icnoHne 

riapa KoppeKTupoBOHHbix BeKTopoB k (k) ^ k /k) MO)KeT 6biTb HawAeHa flnn Ka>i^oro ii3 

noAAi^anasoHOB AaHHbix. FlocKOJibKy CMe}KHbie noAAi^snasoHbi BepoRiHee Bcero 
45 KoppeJiMpoBaHbi, BbiHHCJieHiie MO}KHo ynpocTHTb. HanpMMep, BbNi/icneHi/ie moxho BbinojiHqrb 
Ann Ka>KAoro n-Horo noflflHanasoHa BMecro Ka>KAoro noAAnanasoHa, rAe " MOKer 6biTb HawAeHO 
Mepea o>KMAaeMbiM otkhmk qeneii nepeAa'^n/npMeMa. Ecnw Kani/iBpoBKa BbinonHaerca Ann Menee 
HeM Bcex noAAnanaaoHOB AaHHbix m nMnoT-cumanoB, to KoppeKTupoBOHHbie K03cj3ctDML(MeHTbi 
Ana "HeKannSpoBaHHbix" noAAnanaaoHOB Moryr SbiTb nonyneHbi nHTepnonflqHeM 
50 KoppeKTHpoBOHHbix K03ct)ct)ML(neHT0B, nonyHeHHbix Ana "KanM6poBaHHbix" noAAManaaoHOB. 
PaanMMHbie wHbie cxeiuibi KanwSpoBKn Moryr javsae ncnonbaoBarbca Ann BbiAeneHwa 
KoppeKTupoBOHHbixBeKTopoB ft ^f^j j-j^^ ftHfl nyHKTa AOCTyna M nonb30BaTenbCKoro 

repMMHana cooTBercTBeHHO. OAHaKO onMcaHHaa Bbime cxeiwa noaBonneT nonyHHTb 
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"coBMecTMMbie" KoppeKTupoBOMHbie BeKTopbi fljin nyHKTa flocryna, Korfla KannGpoBKa 
BbinonHqeicn paanMMHbiMn nonbaoBareJibCKHMM repMi/iHanaMn. 

riocne TaKoro nonyMeHnq noJibaoBarenbCKUM repMUHan nocbinaei KoppeKTMposoMHbie 
BeKTopbi ^ i^j^j fljia Bcex noAflnanaaoHOBflaHHbix Haaafl b nyHKT flocryna. Ecnn nyHKT 

AOCTyna y>Ke OTKanndpOBan (k npmviepy, flpyrnMM nonb30BaTenbCKMMn TepMHnanaMw), to 

TeKymne KOppeKTMpOBOHHbie aeKTOpbl 06H0BnaHDTCa BHOBb npl/IHHTblMH KOppeKTMpOBOHHblMH 

BeKTOpaMM. TaKMM o6pa30M, ecnw nyHKT flocTyna wcnonbayeT KoppeKTMpoBOHHbie seKTOpbi 
^ ^j^^j flna nepeflaHH nmiOT-CHman MBxMBbix, H3 KOTOporo nonbaoeaTeiibCKMii TepMnnan 

HaxOAMT HOBbie KOppeHTMpOBOHHbie BSKTOpbl ft ^ W ' ^^^^^ 06H0BneHHbie KOppeKTMpOBOHHbie 

BeKTopbi jiBJiJiiOTca npoMSBeAeHneM leKyiAero m hobofo KoppeKTi/ipoBOHHbix bsktopob, i.e. 
^ap^(^) '^cpi(^) > fAe nepeMHo>KeHMe ocymecTBJifleTCfl Ha noaneMeHTHoCi ocHOBe. 

O6H0BneHHbie KoppeKTHpoBOHHbieBeKTOpbi ft ^jr-^j MoryraaTeivi Mcnonb30BaTbcn nyHKTOM 

AOCTyna ao Tex nop, nOKa ohm ne 6yAyT CHOBa o6HOBneHbi. 

KoppeKTMpOBOHHbie BSKTOpbi ft ^^-j^ ) M ^^^^fji^j MOryT 6biTb nojiyHehbi tgm )Ke caivibiM hjih 

MHbiMi/i nonbaoBaTenbCKMMM TepMnnajiaMM. B oahom sapMaHTe ocymecTBneHMfl oSHOBneHHbie 
KOppeKTMpoBOHHbie BeKTOpbi onpeAQJiJiKiTCfl KBK ft =ft ^(k) -k - we nepeMHOKenne 

ocymecTBJi3eTca na noa/ieMeHTHOM ocnoBe. B APyroM eapnaHTe ocymeciBneHUJi o6HOB;ieHHbie 
KOppeKTMpOBOHHbie BeKTOpbi MOryT 6biTb onpeAenehbi nOBTOpHO 

^^^^c^ii^^ ~^ap-i(^'> ■/tV-('7i ' , TAe a aenaeTCfl K03ctictiMi4neHT0M, Mcnonb3yeMbiMflnfl 
oSecneMeHwn BaseujeHHoro ycpeflHeHiisq (T.e. 0<a<1). Ecnn o6HOBneHMfl KannQposKn HenacTbi, 
TO a. 6ni/i3Ki/iM «.&py\Hv\\\e, mokst oSecneHiiBaTb jiyniiJi/iM peayjibTaT. Ecjim o6HOBneHMn 
Kani/i6p0BKii nacTbi, ho aamyivineHbi, to nyniuMM 6yAeM Menbiuee 3Ha<HeHi/ie a^^ a- OSnoBneNHbie 
KOppeKTMpOBOHHbie BeKTOpbi ft MoryT asTeivi McnonbaoBaTbcn nynKTOM Aocryna ao rex 

nop, nOKa ohm ne 6yAyT CHOea o6HOBneHbi. 

riyHKT AOCTyna m nonbaoBaTejibCKiiii TepMUHan ncnojibayiOT cbom cooTBeTCTByroiuMe 

KOppeKTMpOBOHHbie BCKTOpbl ft ^ft^ ^ k ^(k) HHM C00TBeTCTByK»l^Me KOppeKTMpOBOHHbie 

MaTpuMbi K^(k) ^ ) fl^^ K ' HTo6bi MaciiJTa6kipoBaTb cnwBonbi nepefl nepeAaneM, ksk 

onucaHO HM>Ke. KanM6poBaHHbie Kananbi HMCxoAaineM m BOCxoA5iLL;eM dmhhm, KOTopbie 
Ha5nK)AaKDT nonbaosaTenbCKHM TepMnnan m nyHKT AOCTyna, noKa3aHbi b ypaBHSHMH (27). 
VII. npocipaHCTBeHHa;) o6pa6oTKa 

npocTpancTBeHHan o5pa6oTKa b nynKre AOCTyna m nonbSOBaTenbCKOM TepMHHane MO>KeT 
6biTb ynpoLi^eHa a^^ CMCTeMbi ^BP nocne Toro, KaK Bbino/ineHa KanM6poBKa, HTo6bi BbNMcnnTb 
paajinHkie b qen^x nepeAaHM/npusMa. KaK OTMeneHO BbiLue, Kani/iSpoBanHbiki KananbHbiM otkjimk 
HMCxoAniAeM jimhmm paBSH H_,^.Jk) =H,j„(k) ^ ^ftj . KanM6poBOHHbiii KaHa/ibHbiM otkhmk 

BOCxOAaiASM nnHMM paeen -H„jk) kjk) ~(H^(k)k (k)f ■ 

1. ripocTpaHCTBeHHayi o6pa6oTKa BocxoflaineM nnHnn 

fleKOMnoai/iqMfl no CMHrynsipHbiM aHaHeHnsiM MaTpML;bi H^^(k) KanMSpoBaHHbix KaHanbHbix 
OTKHMKOB BOCxoAHiMeM riHHMM MO)KeT GbiTb BbipajKena KaK: 
U„^(k)=-V^(kmk)V"(k) , AJig keK, ypaBHCHHe (39) 

rfle Il^W asnaeTca eAUHUHHofi MaTpMi^efi paawiepa {n^ ) jisBbix co6cTBeHHbix 

SeKTOpOB S,^(i:) \ 

'gli) flwaroHajibHOH MaTpMi^ePi paaiwiepa (^% x^„,) cunryjiJipHbix anaHeHMM ; m 

V^Jk ) flsnjieTcn eAUHUHHoCi MaTpML|eM paaiuiepa {n^ x^.^ ) npasbix co6cTBeHHbix seKTopoB 
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CooTBercTBeHHo fleKOMno3MLiHn no CHHryjinpHbiM sHaneHHaM MarpHUbi H^^Jk) 
Kanii6poBaHHbix KaHanbHbix OTKnuKOB BocxoA^LAePi jimhi/iii mokst 6biTb Bbipa}KeHa KaK: 
E^ik)=YjkMkMfif^) , wifl keK. ypaBHeime (40) 

MaTpMMbi y'^(k) ^ u' (k) flBnaiOTCH raioKe MaTpkiMawin Jiesbix h npasbix co6cTBeHHbix 
BeKTopoB cooTBercTBeHHO, H_cdn(^) ■ I^QK noKaaaHO b ypaBHeHMnx (39) m (40) h ocHoaaHO Ha 
BbiLuenpuBefleHHOM onHcaHMM, MarpMUbi nesbix m npasbix coScTBeHHbix seKTopoB aha oahom 
nnHMM flBJiJiK)TCJi KOMnneKCHO conp5q>KeHHbiMn MaipuqaMi/i npasbix h nesbix co5cTBeHHbix 
BeKTOpOBCOOTBeTCTseHHOAna ApyrOMnnHMM, MaTpHi^bi ^^^j ' v'^^(k) ^V^^(k) 

aBn3HDTC3 pasnMHHbiMM ctDopMaMM MarpMLibi J,' ^^/j;-^ , a Marpm^bi f; i^^j ' U' (k) ' (k) " 
fj^ ^j^j aenfltoTca TaK)Ke paaJinHHbiMn 4)opMaMn MarpiiiJibi fj ^f^j . fljifl npocroTbi ccbiriKa na 
MarpMLibi j7 ^ Kj^(^) B HiDKecneAyioiMeM onMcaHHH MOJKer raioKe OTHOCMTbcn K MX 

paaJiMHHbiM MHbiM cfJopMaM. MarpuLibi u (k) ^ V (k) ncnonbayioTcsi nyHKTOM Aocryna m 

nonb30BaTejibCKMM TepMi/inanoM cooTBeiCTBeHHO pj\i\ npocrpaHCTBeHHofi o6pa6oTKM m 
o6o3HaHaiOTca lOKTaKOBbie cbommm noAcrpoHHbiMM MHAeKcaMii. Co6cTBeHHbie Beicropbi nacro 
raioKe HasbiBatOTcn "ynpaBJinioiMiiMi/i" BeKTopaMn. 

nojibsoBaTejibCKMM repMMHan MO>KeT OMeHMBaib KajiH6poBaHHbie Kana/ibMbie OTKnuKu 
mcxop,9\\i\Q\A jiMHMH Ha ocHOsaHMn nMJiOT-curHana MBxMBbix, nocnaHHoro nyHKiOM AOcryna. 
nonbsoBarejibCKHM jepMiiHan MOiv.ei z&xeu BbinonHflTb AeKOMnosHi^Mio no CMHryjispHbiM 
3HaHeHMflM OL^eHKM H_.,^(k) KanM6poBaHHbix KaHanbHbix oikjimkob HMcxoAfliMePi jimhmm 
Ana k<^K, HTo6bi nonynnTb AnarohanbHyKD MaTpuqy y^';t^ v\ MaTpm^y y* ^j^j neBbix 

co6cTBeHHbixBeKTopoB H,^^,(k) ■ ^Ta fleKOivinoaMUHa no CMHrynapHbiM SHaneHMaM MO>KeT 6biTb 
saAana KaK n^^fk) =v' (k )t(k) (k) ■ ^^'^ cmviBon ("'^") hba Ka>KAOfi Marpiii^eM 

yKasbiBaer, hto 3to oi^eHKafleMCTBMTenbHOM MarpMi^bi. 

AHancrHHHO nyhKT nocryna mokst OLieHMeaTb KanH6pOBaHHbie KaHanbHbie otkjimkm 
BOCxOAnmeM nMHHM Ha ocnOBaHMH nMnOT-CMmana MBxMBbix, nocnaHHOro nonbSCBaTenbCKMM 
TepMMHanOM. FlynKT AOcryna wiOKer aareivi BbinonhnTb AeKOMno3MLimo no CHHrynnpHbiM 
SHaHeHnaM flnn oi^eHKM jj ^]^^ KanM6pOBaHHbix KananbHbix otioimkob BOCxOAfliMeii nHHMM 

Ann Ag K MTo5bi nonyHMTb AnaroHanbHyio MarpuLiy ^^^^^ i/i Marpm^y ^ neBbix 

co6cTBeHHbixBeKTOpOB fj i^^j . Otbl AeKOMno3iii^Ma no ci/iHrynnpHbiM anaHeHMaM mokst 6biTb 

saAana kbk H^jk) =U^{k) t(k) C(^) ■ 

MaTpnL(a F_^(k ) pasMepa {n,„-xN,„) MO)KeT 6biTb onpeAenena kbk: 

F„,(fe) = K^(fc)V,,(fc), wia keK, VpaBHeHHC (41) 

rionbsoBaTenbCKMH repMMHan, Korfla oh aKTMBen, noflflepwuBaeT AeMCTByioinyK) ouenKy 
KanM6poBaHHoro Kanana H_,^,\k) HucxoflaineM jimhmm m Marpimbi vj-k) neBbix coScTBeHHbix 
BCKTopoB iX,j.i-) , KOTopbie Mcnonb3yK)Tca o6HOBneHMa MarpMLibi F^(k ) ■ 

nonb30BaTenbCKMM TepMMHBn Mcnonbsyer Maxpuqy F^Jk ) A^a npoCTpanCTBeHHOM 
c6pa6oTKM Ana pe>KMM0B ynpaBnenkia nynOM m npocTpanCTBeHHOro iviynbTunneKCMpOBaHHa. flna 
pe>KMMa npocrpahCTBeHHoro MynbTMnneKCMpoBaniia eeicrop x.^fk) nepeAami a^^ Ka>KAoro 
noAAi^anasona Mo>KeT 6biTb Bbipaxen kbk. 

x^,(*:) =F„(it)s^(A-) , fljTJf fce is: . VpaeHeHHe (42) 
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rfi,e \y(i<-j flBJineTCfl BeKTopoM flaHHbix, coflep)KaiHHM flo A'^^ cwMBonoB, noflne}Kai4Mx 
nepeAane Ha a'^^ co6cTBeHHbix pe>KMMax noAflnanaaoHa fc, 

Fjk) saMeHaer v{k) B ypaBHeHMM (15), a MacniTadi/ipOBaHne CMmaria, nocpeACTBOwi G(k) 
Ana peanM3aL|MM MHsepCMn KaHanOB A^ia npocrOTbi onyCKaeica b ypaBHeHMM (42); h 
x-^(k) flBnnercn BeicropoM nepeAaHw p,m Bocxoflninefi nMHMM pj\s\ noAananaaoHa k. 

B nyHKTe Aocryna npHHsiTbiH seiaop r^(k) flnn nepeflaHH BocxoflniMeii jihhmm mo>kho 
BbipasMTb KaK: 

r^W =H^(A)x,p(fc)+n^(i) . ajia fee IT, 

= (fe)K,, (i)V,. (/:)s,p ik) + {k) 

-H^(fc)V,(t)s„p(fc)+n^(fc) YpaBHeHHe (43) 

- % (kykkyvl (ft)V , ik)s^ {k) + n^ (k) 

rfle r^.Jkj asnyieTCa npHHHTbiM seKTOpOM flna nOAflnanaaoHa A^BOCxOflnineM jihhmm; m 
n,,/k) aBJiaexca aAAHTMBHbiM 6enbiM fayccoBCKUM myiviOM (ABFIU) a^h nOAAnanaaona * . 
VpaBHeHne (43) i/icnoJibayer cneAVioiMHe cooTHoiiieHun: 

H,/k)KJk) = H^Jk)^H^Jk) ^ Kc./k) =u^/k) t(^) tlik) • KaK noKaaaHO B 

ypaBHeHMM (43), e nynKre AOcryna npMHqraa nepeAana BOCxoflamePi jimhmm npeoGpaayeica 
nocpeACTBOM: j]- .j^j ^(k) > hto aBJiaerca MarpMi^eM [/ ^j^^ neebix co6cTBeHHbix seKTOpOB 

jj ^j^^ , MacLUTaSMpoBaHHOM fluaroHanbHOM MaipMLiefi cnHryriflpHbixBeniiMMH. 

nonbSOBaTejibCKMM repiviMHan nepeflaer ynpaBJineMbiii oiajiOH no BOCxoAn^eM nHHMw c 
Mcnonb30BaHweM MaTpni^bi FJk) . ynpaBnaeMbiii sranoH nanneTcn nepeflanefi niinoT-CMrhana 
na OAHOM LUMpOKononocHOM coScTBeHHOiJi MOfle c McnonbSOBaHMeivi ynpaeneHMFi nynoM mhm 
c|DopMMpOBaHMa nyna, m 6onee noApo6HO onncaH HM>Ke. B nyHKre AOcryna npMH3TbiM 
ynpaBJiJieMbiM sranoH BOCxoA^iiMeM jimhmm (b OTcyrcTBMe myivia) npM6nM3MTenbH0 paBSH ^ ^^-^ 

. nyHKTflocryna M0>KeT3aTeM nonyMMTboqeHKyeAMHMMHOM MarpMMbi m 

fluaroHanbHOfi Marpimbi Y,(k) ocHOBaHWM ynpaenaeivioro aranoHa, nocnaHHoro 

nonbSOBarenbCKHM repMHHanOM. PaajiMHHbie MeroAbi OL(eHKM Moryr MCnojibaosaTbcn Ann 
nonyHeHMfl oiieHKH eAMHi/iMHOM m AnaroHanbHow MarpMLi. 

B OflHOM BapHaHTe ocyiAecTBneHMn, HTo6bi nonynMTb OLieHKy ^ ^^^^ , npHHnTbiti bsktop 

rjk^ Pf\9\ ynpaBJineivioro ara/iOHa pf\s\ noAA^ariaaoHa A'ujMpOKononocHOM co6cTBeHHOM MO^bi m 
CHanajia yMHO>KaeTCfl na KOwinneKCHO conpn>KeHHoe or CMWBOna p*(k) nMnOT-cumana MOPH, 
nocjiaHHoro e KanecTee ynpaBnaeivioro aranoHa. renepMpoBaHne ynpasnaeivioro aianoHa m 
CMMBona nMnoT-CMmana MOPM 6onee noflpoOno onucano HM}Ke. PeayjibTai aareiui 
MHTerpMpyeicn no MHO>KecTBy npMHarbix ynpaBnaeivibix STanoHHbix CMMBonoe a^a Ka>KAOM 
ujMpoKonoJiocHOM co6cTBeHHoCi MOAbi, 4To6bi nonyHMTb OLieHKy (k) (k) , mropaa 

MaciuTaGnpyeTCSR nesbiw co6cTBeHHbiM bbktopom jj ^f^j A^n LunpoKononocHOM co6cTBeHHOM 

MOAbi m. riocKOJibKy co6cTBeHHbie BSKTopbi MMeiOT eAMHMHHyio MOinHOCTb, CMHrynnpHbie 
3HaHeHMa(MnM a^(k) )^j^(k) Moryr 6biTb oqehehbi Ha ocHOBaHMH npMhaTOM moluhoctm 

ynpaBJineMoro aranoHa, Koropyio mo}kho M3MepMTb A^a Ka>KAoro noAA^anasoHa Ka>KAoi^ 
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lilUpOKOnonOCHOM COSCTBeHHOM MOflbl. 

BflpyroM BapMaHTe ocymecTBJieHWfl McnonbsyeTca wieTOfl MCKO, MTo6bi nonyHHTb 0L\eHKy 
u^fk) Ha ocHOBaHMM npi/iHflToro BeKTopa y-jiy flnn ynpasnfleMoro aranoHa. 

ynpaenaeMbiPi aranoH MO>KeT 6biTb nepeAan Ann oflHoPi LunpoKonojiocHoii coScTBeHHOM moabi 
B nHD6oM aaAaHHOM cwMBonbHOM nepHOfle h, b cbohd o^epeAb, MO>KeT wcnonbaoBaTbcn fljin 
nonyHeHMfl OMeHKH oflHoro co6cTBeHHoro aeKTOpa p,n^ Ka>KAoro noAi^i^anaaoHa arofi 

lilMpOKOnOnOCHOM COSCTBeHHOM MOAbl. TaKMM 05pa30M, npUGMHHK CHOCOSeH nOnyHMTb OLieHKy 

OAHoro co5cTBeHHoro aeKiopa a eflMHHHHOH MarpHi^e p,m jiroSoro aaflaHHoro ci/iMaonbHoro 

nepMOfla. riOCKOnbKy OLieHKM MHO>KeCTBa C06CTBeHHblX SeKTOpOB p,m eflUHUHHOH MaTpML;bl 

nonynaiOTCn no paSHbiM ci/iMBOnbHbiM nepMOAawi w M3-3a Luywia n Apy™'< mctohhmkob yxyALueHHSi 
BTpacce nepeAanw, OMeHeHHbie coScTBeHHbie seKropbi Ann eAHHWHHOM MarpMLibi, aeponTHO, He 
opToroHaribHbi. Ecni/i OLfeneHnbie co6cTBeHHbie BeicTOpbi nocne aroro i/icnonbsyiOTcn a^^ 
npocrpaHCTBeHHOM o6pa6oTKM nepeAann ASHHbix b Apyroki ni/iHim, to nioGbie oluii6kii b 
opToroHaribHOCTH b stmx OLfeneHHbix co6cTBeHHbix Beiaopax npi/iBeAyr k nepeKpecTHbiM 
noMexaw p^p co6cTBeHHbix BeicropoB, hto MO>KeT yxyALumb c|3yHKL;MOHiipoBaHiie. 

B BapMaHTe ocyiMecrBJieHiin OLfeneHHbie co6cTBeHHbie Beicropbi adf) Ka}KAOM eA^nimHOM 
MarpuLibi npuHyAMTejibHO AsnaiOTopToroHanbHbiMii ApyrApyry. Sia opToroHajiii3aL|iifl 
co6cTBeHHbix BeKTOpOB MOweT 6biTb AOCTi/irhyra c iicnonbSOBaHi/ieM pasHbix MeroAOB, tbkmx kqk 
pa3Jio>KeHMe Ha MHO>Ki<iTenM , BbinkicjieHi/ie MUHkiManbHOM KBaApari/iMHOM oujuGkm, noji^pnajq 
AeKOMnoaHLiMfi h t.a- Pa3Jio>KeHiie na MHOxiiTejin QJ^ ocyiAecrBnaeT AeKOivinoai/ii^iiK) Marpni^bi 
mJ (c HeopToroHanbHbiMM CTon6LiaMH) b oproroHanbHyio wiarpi/iLiy i/i aepxHioio TpeyronbHyio 

MarpuLiy . MarpHLia o6pa3yeT opToroHaribHbm 6a3MC Ana CTOJ16140B . flHarona/ibHbie 

anewieHTbi aaAaior AnwHy KOMnoneHTOB b CTon6Max b HanpaBJieHunx cooTBercTByioiAMX 
CTon6L;oB . MaTpm^a mokst McnonbsoBaTbcsi p,ni\ npocTpaHCTBeHHOw o6pa6oTKM no 

HMCxOAniAeM nHHHM. MaipMLibi 11 Moryr HCnonbSOBarbcn A^n nonyneHiin Marpm^bi 

yjiymijeHHoro comacoBaHHoro ctji/inbipa a^^ BocxoAnii^eM jimhihi. Pa3Jio>KeHMe Ha MHO}KiiTenM 
QR MO}KeT BbinojiHflTbcn pasHbiMki cnoco6aMM, b tom Hi/icne npoifeAypOM rpaM-LilMMATa, 
BCnOMOraTenbHbiM npeo6pa30BaHMeM m t.a. 

flpyme MerOAbi Ann OLieHMBani/in eAMHHHHOH m AMarOHanbhOii MaipHLi na ocHOBaHMM 
ynpaBJineMCro arajiOHa laioKe mo>kho MCnonb30BaTb, h ohm axoflnr b o6iieM M3o6peTeHMn. 

riyHKT Aocryna MOKei, TaKMM o6pa30M, OLiehkiBaTb kbk ^ , raK m f^^Jt^ Ha ocHOBahMM 

ynpaBJisieMoro aranoHa, nepeAaHHoro nonbsoBaTejibOKMMTepMMHajiOM, 6e3 Heo6xoAMMOCTM 
BbinonHnTbAeKOMnosMqmo noci/iHrynjipHbiM3HaHeHMnM naA H^(k) ■ 

HopMi/ipoaaHHan MarpMi^a M.^(K> comacoBaHHoro 0i/inbTpa pj\^ nepeAa*HM bocxoas^laom 
jiMHMM CT nojibaoBarenbCKoro repiviiiHajia mokst 6biTb BbipajKena kbk: 
M./fe)=i"'(*)U^(fc) , jsmk&K. ypaBHCHHe (44) 

ComacoaaHHan cfiMJibTpaLiMn b nynKie AOCiyna pf\^ nepeAani/i BOCxoAfineii ni/iHMi/i Aanee 
M0>KeT 6biTb Bbipa>KeHa KaK: 

K^k) =M^(/c)r^{t) YpaBHeHHe (45) 

=l"'(*)fi!'p(fcXU^(i)l(i)s^(i)+n,p(A:)) , fljia jteiST, 
= s„p(jfc) + n^(jfc) 

TAe tjk) nsnnercn oi^eHKOM seKTopa cmmbojiob .%,jk) MOAynni^wM, nepeAannbix 

nonbaoBarejibCKHM TepMHHanOM A^n pe>KHMa npocTpaHCTeeHHOro MyjibTunjieKCHpOBaHHa. flnn 
pe>KMMa ynpaBJieHHH nyHOM TOnbKO OAHa cipOKa wiaipimbi HCnojibayercn Ann 

oSecneMeHun oahom OMenKH MJc) cMMBona co6cTBeHHoi?i MOAbi, Mcno/ibsyeMOM Ann nepeASMn 

AaHHblX. 
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2. npocTpaHCTBeHHaa o6pa6oTKa HMCxoflaineti nMHtm 

fljifl HMcxoflnL4eM J1MHMM nyHKT flocTyna McnoribsyeT MarpML^y J^„i'7c; pasMepa (^'^ x-'^^ ) 
Ana npocTpaHCTBeHHOM o6pa6oTKi/i. 3Ty iwaTpMLiy mo>kho BbipaawTb KaK: 
Zp{k) = K^{k)V^(k) ,jnsiiBK. ypaBHCHHe (46) 

KoppenTMpOBOHHan MarpuLia ^j^j BbiBOAmcn nonbaoBarenbCKUM repMHHajiOM m 
nepeAaercn HaaaA b nyHicr Aocryna bo epeivia Kajin6poBKM. MajpHUia ^ ^j^j uomsi Sbiib 
nonyneHa Ha ocHoeaHMn ynpaBnaeMoro aranoHa, nepeAaHHoro no BocxoAf lAeii jii/iHMM 

nOnb30BaTenbCKMM TepMMHanOM. 

fljin pe}KMMa npocTpaHCTseHHoro MynbTMnneKCMpOBaHHfl seKTOp x^(k ) nepeAanH A-nn 
Ka>KAoro noAAnanaaoHa Mo>KeT 6biTb Bbipa>KeH ksk: 

(fe) = (A)s^ {k) , ji^keK, YpaBHeHHe (47) 

TAe x^Jk ) aBnaerca seKTOpOM nepeAanM, s^Jk ) flBnaeica eeKTOpOM AaHHbix Ann 
HMCxoAflLMeM JiMHMM, a MactuTaSnpoBaHMe CMmajia nocpeACTBOM G[k} ajw AOCTHJKeHMfl 
MHBepcMM KananoB AHfl npocroTbi onycKaercfl BypaBHeHwn (47). 

B nonbSOBarenbCKOM repMHHane npi/iHATbifi bsktop rjk) Ann nepeAaHM HiicxOAnineii 
nnHMM MO)KeT 6biTb Bbipa)KeH kbk: 

r^W =H^(fc)i^(fc)+n^(t) ypaBHeHHe(48) 

= H^(*)K,,(fc)U;p(A:)s^(jfc)+n^(fc) 

»H^(*)UJfc)SdaW+ndn(*) 

= (ft)|(^)tf I/^)^;^ (*)s^ W + (fc)) 

= y1 (fc)|(/:)s^ {k) + {*) , /via it e jS: , 

KaK noKaaaHO b ypaBHeHMi/i (48), a nonbaoBarenbCKOM reprvinHarie npHHnran nepeAana no 
HMCxoAnLAew nnHnn npeo6pa3yeTcn nocpeACTBOM y ^j^^ T.(k) > xoTopoe flBnneicfi MaipuLieM 

y neBbixco6cTBeHHbixBeKTOpOB H^fft; , MacLUTa6iipOBaHHOM AnarOHanbHOM MaTpHLieii 

j^^j^^ CMHryjlflpHblX BeJlMHMH. 

HopMnpoBaHHan MarpuL^a M^(k) comacoBaHHoro ct)kinbTpa A^n nepeAann no HkicxoA^iMeM 
nmm or nyHKia flocryna MO>KeT 6biTb BbipaiKeHa kbk: 

M«(t) = l"'(*)Yl{t) , flJTsr kB K, ypaKHCHHe (49) 

fluaroHanbHan Marpwua ^l^j^j mviaTpm^a j> nesbix co6cTBeHHbix aeKTopos MoryrObiTb 

BbiaeAeHbi noribaoBaTejibCKMMTepMMHanOM nocpeACTBOM BbinonHeHUfl AeK0ivin03i/iL(MM no 
cnHrynnpHbiM 3HaHeHMnM nafl olighkom fl:„^/jtj KariMSpOBaHHbix KaHanbHbixoTKnwKOB 
HMCxOAnLAeii jimhi/im, KaK onkicaHO Bbime. 

ComacoBaHHan cjiMJibTpaLiMn b nonbsoBarenbCKOM repiuiMHane A^n nepeAa>^M no HMcxoAniMeM 
nkiHi/iki Aanee M0>KeT 6biTb Bbipa}KeHa KaK: 

idn(^) =M«(*)rac(^') YpaBHeHHe (50) 

3. DpocTpaHCTBeHHafl o6pa6oTKa nyHKia AOcryna m nojibSOBarenbCKoro repMMHajia 
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BcJieACTBMe oSparnMoc™ Kanana flna cwcTeMbi flBP m Kam/iSpoBKM npocrpaHCTBeHHan 
o6pa6oTKa ksk b nyHKre flocxyna, raK m b nonbsoBarenbCKOM TepMMHane Mo>KeT 6biTb 
ynpomena. Ta6nML|a 32 noAbiTo>KMBaeT npocrpaHCTBeHHyio o6pa6oTKy b nyHKre flocryna m 
nonbaoBareribCKOM repMUHane p,n?i nepeAaMH m npiieMa flaHHbix. 

TzSnvu^a 32 

Bocxofliiii^fl iiiiHiin HMCXDAniMaflnHHiifl 
no;ib30BaTejibCiaiH DepeiiaMa: DpHeM: . _^ T 

nyHKTADCTynB npMew: , FlepeflaMa: 



ripocTpaHCTBeHHafl o6pa6oTKa flnq npneiwa flaHHbix oSbWHo TaK>Ke naabiBaeTcn 
comacoBaHHOM ctJHnbTpaMnew. 

l/l3-3a oSpaTHMoro Kanaria y flBfiHeTcn Marpm^eH npasbix co6cTBeHHbix BeKTopoB 

(flnn nepeflann) m nesbix coSCTBeHHbix eeKTOpOB H_,^ik) (A^a npweMa) flnn 

nonbsoBarejibCKoro repMUhana. Aha/iorHHHO jj ^^^^ aBJiaeTca kbk MaTpML;efi npasbix 

^ C05CTBeHHblXBeKTOpOB 4,j,(yt; (flnfl nepeAaHW) M DeBblX C05CTBeHHblX SeKTOpOB ^ ^ff-j 

(flna npneivia) flJifl nyNKxa flOCryna. fleKOMn03HLJ,i/iKD no cnHrynnpHbiM 3HaHeHi/iflM Heo6xOAHMO 
BbinonnaTb nonbSOBaTe/ibCKiiM repMUHanOM A^fl Oi-|eHKH n.^/k) KanH6pOBaHHbix KaHaribHbix 

OTKHMKOB HMCXOAaiAeM JIUHMM, HT06bl nOJiyHMTb VJk) " ■ riyHKT AOCryna MO)KeT 

25 BbiBOAMTb ^f(k) MB ocHOBaHMM ynpaBDaeMoro 3TanoHa, nepeAaHHoro 

nonbsoBarenbCKUM repivinHanoM, n ne Hy>KflaeTca b BbinonheHUM AeKOMno3ML|HM no 
CMHrynapHbiM SHaneHMflM nafl OMeHKoti H^^^(k) KaHanbHbixoTKnMKOB Bocxofla^eti nnHnw. 

riyHKT flociyna m nonbsoBaTe/ibCKHM repMUHari Moryr nivieTb pasHbie BapnaHibi MarpuMbi ^('/t J 

30 — 

BcneflCTBi/ie paani/iHHbix cpeflCTB, ncnonbayeMbix nyHKTOM flocryna i/i nojibaoBarenbCKiiM 
repMi/iHanoM, >HTo5bi nojiyniiTb ^(^/t^ ■ Kpoivie loro, MarpiiLia ^ ^j.^ , nonyHeHnan nynKTOw 

flocryna na ocHOBaHMn ynpaBJifleMoro aranoHa, KaK npaBuno, oinmaeic^ or 

35 MarpuLibi U_^(k) , nonyHeHHOM nojib30BaTeribCKMM TepMMHanoM c Mcnonb30BaHi/ieM 

AeKOMno3MHMM no cMHrynjipHbiM 3HaHeHiiflM. flnn npocroTbi am paanwHiifl ne noKaaaHbi b 
BbiLuenpuBeAeHHOM sbiBOAe. 
4. ynpaBnenne nynOM 

fljifl HeKOTopbix KananbHbix ycnoenii nyHiue nepeflaearb flanHbie TonbKO na Oflhofi 
LunpoKononocHOM coScTBeHHow MOfle, KaK npaBi/ino, nyniueM i/ini/i rjiasHOM lui/ipoKononocHofi 
co6cTBeHHOM MOflS. 3to MOKer 6biTb B cnynae, ecnn OTHOUjeHnq C/LU b npunqroM cumane fl/ia 
Bcex flpyri/ix LunpoKononocHbix co6cTBeHHbix MOflflocTaroHHo nnoxiie, raK hto ynynujeHMbie 
noKasaienn flocTuraKDTca 3a cnei iicnonbsoBaHUJi sceii flOcrynHofi moiuhoctm nepeflann na 

maBHOM LUMpOKOnonOCHOH C06CTBeHH0M MOfle. 

riepeflaHa Aanhbix na oahom ujHpoKononocHOM co6cTBeHHOM MOfle MOJKer 6biTb peanM30BaHa 
c Mcnonb30BaHneM ct)opMMpoBaHiifl nyna v\n\A ynpaenehHa nyHOM. flna ctJopMnpoBaHi/ia nyna 
CMMBonbi MOflynflL^MM npocrpaHCTBeHHO o6pa6aTbiBaiOTCsi co6cTBeHHbiMM BeKTopaMM v^^, (k ) 
MJin flna /Cflna maBHOii ujupoKononocHOM co6cTBeHHOM MOflbi (r.e. nepsbiPi CTon6eL\ 

50 yjk) u (k) nocne ynopyiflOHiiBaHiin). flnji ynpaajieHi/ifl nynoM CMMBOJibi MOflyjiqi^MM 

npocTpaHCTBeHHO o6pa6aTbiBaiOTCfl Ha6opOM "HOpMnpOBaHHbix" (mjim "HacbiLi^eHHbix") 
co6cTBeHHbixBeKTOpOB V (k) v\n\Au.j,(k) flnn A'e /Cflnn r/iaBHOM ujMpOKononocHOM 
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co6cTBeHHOM MOflbi. flfifl flCHocTM ynpaBJieHne nyMOM onwcbiBaeTcn HM>Ke A-tih BocxoflnineM 

riMHl/IM. 

fljin BocxoflflLnew nwHi/iH anewieHTbi Ka)KflorQ co6cTBeHHoro seKTopa (k ) flnn k<= K, flna 
maBHOM mkipoKononocHOM co6cTBeHHOM moabi Moryr MMeib pasHbie BejiMMMHbi. Tbkmm oSpasoM, 
npeAsapi^TeribHO npeo6pa30BaHHbie ci/iMBonbi Ka}KAoro noAA>^ana30Ha, Koropbie 
nonynaiOTCn nepeMHO^eHneM CMMBona MOAynnMim noAA>^na30Ha kc aneMeHraivii/i 
co6cTBeHHoro eeKTOpa (k ) noAAi^anaaoHa k, Moryr lorAa iiMexb pasHbie BenwHHHbi. 

CneflOBarenbHO, seKTopbi nepeflann na Ka>myK> aHreHHy, Ka>KAbifi m3 Koropbix BKmoHaei b ce6fl 
npeABapMTenbHO npeoGpasoBaHHbie cmviBOJibi ajia Bcex noAAwanasoHOB AaHHbix Ann saAaHHOw 
nepeAaiOLnePi aHTeHHbi, Moryi nweibpasHbie BennHUHbi. Ecnn wiomHOCTb nepeAann Ana Ka>KAOM 
nepeAaiOLAeii aHTeHHbi orpaHMHena (k npmviepy, MS-sa orpaHiiHeHMM ycuniiTe/ieii moiahoctm), 
TorAa ynpaeneHne nynoM MO>KeT ne nojiHOCTbio ncnonbSOBaib nojihyio MOiAHOCTb, AOCTynnyio 
Ann Ka>KAOM aHTeHHbi. 

ynpaeneHne jiynoM ncnojibayeT TonbKO (JjasoByio HHCtJopiviaMmo m3 co6cTBeHHbix aeKTopoB 
v^^j (k ) Ana keKpjwi maBHOii lUMpOKononocHOH coGcTBeHHOti MOAbi n HOpMMpyeT Ka>KAbiM 
co5cTBeHHbii?i BeirropTaK, hto Bce snewieHTbi b co5cTBeHHOM Beicrope nMeioT pasHbie Beni/iHi/iHbi. 

HOpMMpOBaHHbIM C06CTBeHHblM BSKTOp ^^/k) P,™ nOAAHana30Ha kMOMBT SblTb Bbipa>KeH KaK: 

l^{k) = [Ae'''''' Ae^^^^' ... Ae"'*'''''Y , YpanHeHHe (5 1 ) 

rfle A ABJiJieTca nocToaHHOM (nanprnviep, A=^ ); m 

(k ) fiBnaeTca cjDasoM Ana noflAnanaaoHa ArepeAaioineM aHTeHHbi /, KOTopa^ aaAaeTca kbk: 
e,{k) = Zv„, ,Ak) = tan-' ^^^"'■'•'^^'^^ [ . YpaBHCHHc (52) 

KaK noKasano b ypaBHSHUM (52), cpasa Ka>Kfloro aneivieHTa a eeKTope v^(k) nonynaerca us 
cooTBeTCTByK)a\ero3JieMeHTaco6cTBeHHoroBeKTopa v^^jf'jt^ (i.e. Q^(k) nojiynaeTca ms 
v.,i;W.rAev„,,r;:;=[v„„,CA; v^^_^(k) ... -....j.jV Y). 

5. ynpaeneHiie jiynoM BOCXQaameM jimhmm 

npocrpaHCTBeHHaa o6pa6oTKa nojib30BaTenbCKmvi lepMUHanoM flna ynpaBneHiia JiynoM b 
BOCXOA^Ll^eM JIMHMM MO>KeT 6blTb Bbipa}KeHa KaK: 

= K^5„ ik)s^ (ft) , Afifl Jt € JS: , ypaBHCHHe (53) 

rfle sjk) asnfleTCfl cmviBonoM Mop,\/nf\u,m, noflne>Kai4MM nepeflaMe b noflflnanaaoHe A; m 
x,,/k) aenneTCa eeKTOpoivi nepeflanM Ana nOAflnanaaoHa A a™ ynpaeneHun Jiynoivi. 

KaK nOKaaano b ypaBheHMn (53), aneivieHTOB HOpMMpOBaHHOro ynpaBJisKiLnero BeKiopa 
y^^f(k ) A^a Ka>KAOro noflAi^anaaoHa wivieiOT OAnnaKOByio BenMHUHy, ho, bo3mo>kho, paSHbie 
c|Da3bi. TaKHM o6pa30ivi, ynpaBneHne nynoivi renepnpyeT oamh bsktop s^r't; nepeAanH A-na 
Ka>Kfloro noAAnanasoHa c n,„ snewieHTaMH , HMeHDiumviM OAny m Ty tkb BennHUHy, ho, 

BO3M0>KHO, pasHbie ctDasbi. 

ripuHarafl nepeflaMa no Bocxoflaii^eM nnHnii b nyHKxe flocTyna flnn ynpaaneHna nynoM mokbt 
6biTb Bbipa>KeHa kbk: 
i«pW =H^(i')x,p(*)+i!^W . AJTfl ieiSC, 

= ik)K^ (fc) v„ ik)s^ (k) ik} ypaBTieriHe (54) 

rfle L^iV aenaeTca npunaTbiM eeKTopoM flna BOCxoAainefi nMHUn fljia noAAnanasona k 
flna ynpaenenna nynoM. 
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BeKTop-CTpoKa m^(k) comacoBaHHoro ctmnbTpa p^a nepeflaMH no BocxoflnineH jihhmm c 
Hcnonb30BaHneM ynpaBJieHMn nyMOM MOKer 6biTb Bbipa>KeH kbk: 

m^{k) = (H^im^ik))" , fljia jte a: , VpaBHeHHC (55) 

BeKTop mj^) comacoBaHHoro cftunbTpa mojkho nonyHMTb, KaK onMcaHO hvokb. 
ripocTpaHCTBeHHaq o5pa6oTKa (nnn comacoBaHHan c|DMnbTpaqiia) b nyHKie Aocryna Ann 
npuHflTOM nepeflaMM BocxoAainePi jimhmm c ynpasjieHneM nynoiw Mo>KeT 5biTb Bbipa)KeHa kbk: 
s^ik) =>^'(fc)fflUp(t)r^(fc) ypaBHCHHe (56) 

= (H,^(k)yJkr(H,Jk)yJk)) (T-e. Ijk) ^Bnaercj, BHyrpeHHMM 

npoM3BefleHMeM m.^(k) v\ ee conpyi>KeHHOM TpaHcno3HL(i/iM), 

KJi<^) flBJinerca OLieHKOki CMMBona V''-' MOAy/iflMMn, nepeAaHHorononbSOBaiejibCKUM 
TepMMHanoM no BocxoA^ii^eM jimhmii, m 
liy^k) aBXi^ieTca mywoM nocne o6pa6oTKM. 

6. YnpaBneHMe JiynoM HMCxoAniMeM jimhmh 

npocrpaHCTBeHHan o6pa6oTKa nyHKTOM AOcryna p,nf\ ynpasjieHiifl nynoM b Hi/icxoAaineii 
jiMHUM Momer 6biTb Bbipa>KeHa kbk: 

%^{ky = K^n^{k)s^{k) , fljTff keK, ypaBHeime (57) 

rp.e nBnneTCfl HOpMi/ipOBaHHbiM co6cTBeHHbiM BeicropOM ann noAAManaaoHa /r, 

KOTopbiM reHepupyeTCfl Ha ocHose coScTBenHoro seKTopa u'^i(k} ftn?\ maBHofi 
LUMpoKonojiocHOM co6cTBeHHOM MOAbi, aHanorimHo TOMy, KaK oni/icano Bbiiue a^^^ BocxoA^LAeii 

riMHMH. 

BeKTop-crpoKa m„f(k) comacoBaHHoro cfiMnbTpa Ana nepeAanM no HucxoAaineCi nnHnn c 
McnonbSOBaHneivi ynpaB/ieHkia nyHOM Moxer 6biTb Bbipa>KeH KaK; 

ripocrpaHCTBeHHaa o6pa6oTKa (iinki comacoBBHHaa c^MJibipauMn) b nonbaoBarenbCKOM 
TepMMHane p.m npMH;iTOM nepeAanii HucxoA^iLAeM jimhmm mokst 6biTb Bbipa>KeHa iok: 
S^ik) YpaBHeHHe (59) 

= X;^(k)(H^^(kyu^{k))"m^{k)u^(k)s^ik)+n^ik^ jvui JcbK, 

ffle = (H^Jk)H^(k)f(H^^(k)i[Jk)) (T-e. l^(k) ABnaeTCfl BnyrpeHHUM 

npOM3BefleHMeM m^^(k j m ee conpn>KeHHOM TpancnoaMLiMM). 

7. npocTpahCTBeHHsm o6pa6oTKa c MHBepcMeii KaHajiOB 

flnn BOCxOAniAeii jimhhm bsktop nepeAann rhji pe>KkiMa npocrpaHCTBeHHOro 

MyjibTMnjieKcupoBaHMR MOKei 6biTb nonyneH nonbsoBarenbCKMM TepMMHanoM kbk: 
x,p(*:) = K„(t)V«(A:)G(*)s^(t') ,.,w keK, VpaBHemie (60) 

TAe Q'k) flBJinercfl AtiaroHanbHOM Marpimeii K03cf)cf)Mi4MeHT0B ycuneHUfi Ann nHBepcuM 
KaHanOB, onucaHHOw Bbime, ypaBHehMe (60) aHanornHHO ypaBHehHHD (15) 3a MCKJiK)HeHi/ieM 
Toro, HTO BMecTO y(k) ncnonb3yeTca j?- ^ y ^ . SneivieHTbi ^ y ^j^j noAaiOTCfi na 

nepeMHO>KHTenM 952 b cjaopr/iMpoBareJiflx 950 Jiyna na ctJMr.9B. 

fljifl BocxoAfliAe^i JinHMH BeKTop x,p(k) nepeAaHM Ana pe>KMMa ynpaBneHun nynoM MO}KeT 
6biTb nonyHeH nonbsoBarejibCKMM TepMkiHanoM KaK: 
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l,,{k) = ±^{k)y^ik)g{,k)s^{k) , A-iH ^eif, Ypabiiemie (61) 

rfle v^/A: ) flBnaercfl BeKTopoM c Merbipbivifl 3neMeHTaivii/i, mvieiOLUMiviM paBHyio BennHMHy, ho 
(fiaabi, nonyneHMbie Ha ocHoeaHMM co5cTBeHHoro seKTopa v_^,i(k) p,n9\ masHoPi co6cTBeHHoPi 
MOflbi. BeKTop v^f(k ) MO)KeT 6biTb nojiyneH aHajiomHHO TOiwy, kbk 3to noKasaHO Bbiiue b 
ypasHeHMqx (16) m (1 7). ycHneHwe peanMsyer MHsepciiK) KananoB m MO)KeT 6biTb 

nonyHBHo aHanorMHHo TOMy, kbk noKaaaHo Bbiiue a ypaBHeHunx (18)-(20), 3a MCKnraHeHMeM 

l,(k)= v"^(k)H^^(k }H,^(k )y_Jk) «cnonb3yeTCfi ypaBHeHMs (20). 
SnewieHTbi "v^/^k ) noflaHDTCn Ha nepeMHO)KMTejii/i 1052 b 6nOKe 1050 ynpaBneHwa nynOM hb 
(JJMr.lOB. 

A/i« HMCxoAfliMeM JiMHMM BeicTop x^(k) nepeflaHM pf\i\ pe>KMMa npocrpaHCTBeHHoro 
MyjibTunjieKCMpoBaHMfl mokct 6biTb nonyneH nonbaoBarenbCKiiM lepMMHanoM kbk: 
X4,(fc) = K,(i)U;p(t)G(*)s^(fc) keK, ypaBHeime (62) 

ypaBHeHMe (62) ahajiornHHO ypaBHeHnio (15) aa MCKntOHeHneivi roro, hto BMecTO v_(k) 
McnojibsyeTCfl K^(k) xj' (]f,) ■ SJiewieHTbi K^(k) xj" noAaiOTCfl Ha nepeMHO>KiiTenii 952 b 

cjJopMMpoBaTeJiflx 950 Jiyna na cfmr.QB. 

flnn Hi/icxoflnineii nHHMii eeicrop 'xj^Jk) nepeflaHM flnn pe>KiiMa ynpaeneHHn nynOM mokct 
6biTb nonyneH nonbsoBarejibCKUM repiviMHajiOM KaK: 

= %^{m^{k)l{k)s^{k) , vuiK Jt e a: , YpaBHemie (63) 

rfle nsnneicn bsktopom cHeTbipbivm aneivieHTaMi/i, HMeroiuMMH paaHyio BenHHMHy, ho 

c^iasbi, nojiyHeHHbie na ocHOBaHMi/i co6cTBeHHoro seicropa H,j,i-Jt; ^jin maBHOM co6cTBeHHOM 
MOflbi. VcMJieHne g W peannayer nHBepcmo KaHa/iOB n MO>KeT Sbiib nonyneHO ahanornHHO 
TOMy, KaK noKaaaHO abime b ypaBHeHunx (18)-(20), 3a ncKJiiOMeHMeM Toro, hto 
l,(k)^ ul(k)£,Jk)H,Jk)U^(k) ^icnonb3yeTC« An«ypaBHeHM« (20). 3neMeHTb, 

noflaioTca Ha nepeMHO>KMTenM 1052 b 6jioKe 1050ynpaBneHMfl nynoM na (J)Mr.10B. 
VIII. CipyKiypa nunoT-cumana 

CipyKiypa nnjioT-curhana o6ecneHi/iBaeTcq CMCieMOM BJ1BC MBxMBbix, HTo6bi nosBonnTb 
nyHKiaM Aocryna m nonbsoBarenbCKUM repMnnanaM BbinojinaTb cnHxpoHi/isaMMto m nonyHeHne 
HacTOTbi, oi4eHKy KanajioB m nhbie c|DyHKMMM, Heo6xoAHMbie flna flOJDKHOki pa6oTbi cucieMbi. 
Ta6nm4a 33 nepenncn^ieT nerbipe Tuna nunoT-CMrHajia m hx onucaHi/ie flna npuMephofi 
CTpyKiypbi ni/inoT-curHana. MeHbiuee Hucno, AononHMTenbhbie n (nnn) OTJiMHHbie TpancnopTHbie 
Kanajibi Moryi laioKe 6biTb onpeflejieHbi A^ifl i/icnonbaoBaHUfl b crpyKiype nunoT-curHana. 



jT-CMrHaji nepeflaeicji bosmw ^epeflalOll^wM^l aHTeHHawn u Mcnojibayercsi flnfi CMHXpoHnaannM i* nonyMeHun 



nepe;flaioii^HMti aHTeHHSMM c paanHHHUMki opTonoHa/ibHbiMki KOAaMM h 



nunoT-curHar Hecymefl nnnoT-CHrHaji HcnojibsyeTca ajih cjie>KeHHH aa cjia30fl curHajia Hecymefl. 

YnpaBJiqeMbifi araiiOH m ynpaBJineMbifi niinoT-ciirHan qsnqioTcs^ cMHOHMMimecKMMM 
Bbipa>KeHiifiiviM. 

B BapnaHTe ocymecTsneHMn crpyKrypa nunoT-cMmaJia BKnioMaeT b ce6n (1) A-fif HucxoflaineM 
nkiHi/iM - MaaKOBbiM nMnOT-CMman, nunoi-curHan MBxMBbix, ynpasnaeMbiM aranOH m nwnOT- 
CMfHan HecyLi^ew, nepeAaaaeMbiH nyHKTOM AOcryna, m (2) Ann BocxoAamew jimhmm - hmjiot- 
CMfHan MBxMBbix, ynpaBJineMbiM aTanoH ii nMnoT-ci/iman HecyLAeM, nepeAaBaeMbiM 
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nonbaoBarenbCKUM repMUHanoM . 

MaaKOBbiM ni/inoT-cMman HMcxoAameM jimhuh m nMnoT-cMman MBxMBbix nocbinaKjTCfl no 
Kanany BCH (KaK noKaaaHo Ha ct)Mr.5A) b Ka}KflOM Kaflpe flBP. ManKoebiM nMnoT-cuman Mo>KeT 
Mcnonb30BaTbcn noJibaoBarenbCKHMM repwiMHanaiviM flnn cnHxpoHMsaLiMM m nonyMeHMA nacTOTbi 

5 M oLieHKM flonnepoBCKoro CABura. nMnoT-cuman MBxMBbix Mo>KeT McnonbaoBarbCH 

nonbsoBarenbCKHMM TepMiiHanaMM, mtoGh (1 ) nonyMaxb 0L|eHKy Kanana MBxMBbix HMcxoflnineM 
nMHMM, (2) BbiAenflTb ynpaBnaioiMMe BSKTopbi flnq nepenaMM no BocxoflnineiS jihhmm (ecni/i 
noflflep)Ki/iBaeTCfl pe>KMM ynpaBneHMq ny^oM Mnii npocrpaHCTBeHHoro MynbTunneKcupoBaHMfl), m 
(3) BbiflenaTb comacoBaHHbiM cJiMnbrp flnn nepefla^H no Hi/icxoflfliMeM ni/iHwii. ynpasnqeivibiM 
3TanoH HMcxoflnmeM ni/iHMn Mo>KeT raioKe ncnonbsoBaTbcn KOHKperHbiM nonbaoBarenbCKi/iM 
repMUHanoM oi^eHKn Kanana. 

ynpaBnqeMbiM aranoH BocxoflflL^eCi nnHMw nepeflaercn Ka>KflbiM aKTMSHbiM 
nonb30BaTenbCKMM repiviMHanoM, Koropbiii noflflep>KMBaeT pe>KMM ynpaBneHHfi nynoM v\vw\ 
npocrpaHCTBeHHoro MynbTunneKcupoBaHnq m Mo>KeT McnonbsoBaTbcn nynKTOM flocryna, mtoGh 
(1 ) BbiflenflTb ynpaBnaKtinne BeKiopbi flna nepeflann no HMCxoAfliAeii nHHMH m (2) BbiAenaTb 
comacoBaHHbiM ct3MnbTp p,ns\ nepeflann no socxoflameM hhhmm. B o5meivi, ynpaanaeMbiM aranoH 
nocbinaeTCfl TonbKO f\m Tex nonbsoBaTejibCKnx TepMUHanoM iinn Teivin nonbsoBaTenbCKHMH 
TepMMHanaMM, Koropbie noflAep>KHBaK)T pe>KMMbi ynpasneHMfl ny^oM m (i/ini/i) npocTpancTBeHHoro 
MynbTunneKCupoBaHMfl. riocbinKa 3TanoHa paSoTaeT HeaaBi/iCMMO OTToro, ynpasnqeTcn nw ona 

^ HaAne>Kai4iiM o6pa30M (nanpuMep, BcneACTBi/ie nnoxofi OL^eHKM Kanana). To ecTb aranoH 
craHOBMTCJi opToroHajibHbiM Ha Ka>KAyK) nepeflaiOLnyio aHTenHy, nocKonbKy ynpasnqioinan 
MaTpuMa AnaroHanbHa. 

Ecnn nonbsoBaTenbCKMPi TepMnnan Kann6poBaH, to oh mokbt nepeAaBarb ynpaBnaeivibiH 
3TanoH Ha rnaBHOw co6cTBeHHOM MOAe no Kanany RACH c Mcnonb30BaHHeM seKTopa t^. 

25 tutoi^^ P-^^ "^fl® ti.ta(^) flBnaerca CTon6L(OM v^^ A-na masHOM coScTBeHHOM moah. Ecnn 
nonbaoBarenbCKi/iM repMi/iHan ne KannSpoBaH, to ch MO>KeT nepeAaaarb nunoT-cuman no 
Kanany RACH c ncnojibaoBaHneM BSKTopa ^_ _ gfiif!^) ^J^'^^f'^j J" - ^e/C 

BeKTOp A-na Ka>KAOro noAAnanaaoHa BKmonaeT b ce6a cnyHaiiHbixynpaBnnK)a\Mx 

K03Ct5Ct)mj|MeHTOB, y KOTOpbix cfiaabi 9 f^/c^ Ana/fe{1,2 } MOryT Bbi6MpaTbCfl b 

cooTBeTCTBMM c nceBflocnyHaMHOM npoi4eAypofi, FlocKoribKy MMeioT3HaMeHMeTonbi<o 
OTHOCMTenbHbie cjDaabi cpeAw 'V.,, ynpaajiflioLAnx K03c|3(t)nL(MeHT0B, (pa^a nepBoro ynpaBnaioLnero 
K03c)3ct3MHMeHTa MOKCT 5biTb ycTaHOBneHa Ha nyjib (T.e. Q,(k! =0). Oasbi ocTanbHbix jV„, -1 

^ ynpaBnaiOLAnx K03ctDct)MMMeHT0B MoryT MSMeHATbcn A^a Ka>moi^ nonbiTKn Aocryna, lav. hto Bce 
360° nOKpbiBaiOTCn Ka>KAbiM ynpaannioiAMM KoacjDCjDHLiiieHTCM b MHTepsanax 3Q0°I\. , rp,e 
flsnflejcji ctjyHKMneM or n^, . BosMymeHUJi cpas aneivieHTOB ynpasnfltomero seKTopa v„,/*; 
Ha Ka>KAOW nonbiTKe a Kanane RACH npii Mcnonb30BaHMi/i Kanana RACH b pe>Ki/iMe ynpaBnehUfl 

40 nynoM nepeA KariMSpoBKOM raKOBbi, hto nonbsoBarenbCKUM TepMnnan ne ncnonbayer nnoxoM 
ynpaBnaioLAUM BeKTop A-na Bcex nonbiroK AOCTyna. nunoT-CMman MBxMBbix ivio}KeT nocbinarbcfl 
Ana ncnbaoeaTenbCKMX TepMWHanOB wnn nonbaoBaTenbCKHMH repMHHanaiviM, KOTOpbie ne 
noAAep>KMBaK)T pe>KMMbi ynpaBnenna nynoM n (Mnw) npocTpancTBeHHoro MynbTMnneKcupoBaHHSi. 
riyHKT AOCTyna ne MMeeT MHC|DopMai^MM o Kanane atia ntodcro nonbsoBaTenbCKoro TepMnnana 

^ AO rex nop, noKa 3tot nonbaoBaienbCKiiCi TepMWHan ocyiAecTsnjieT CBflSb HenocpeACTBeHHO c 
nyHKTOM AOCTyna. Kofas nonbSOBaTenbCKMii repMnnan >KenaeT nepeAaxb AaHHbie, oh cnanana 
OMeHMBaer Kanan na ocHOBaHiii/i niinoT-ciirHana MBxMBbix, nepeAaHHoro nyHKiowi AOcryna. 
nonbSOBaienbCKiiM TepMiinan aareivi nocbmaeT ynpaanneMbiM aranoH b npeaM6yne RACH, 
KorAB OH nbiTaeica nonynnTb Aocryn k CMCTeMe. riyHKi AOcryna ncnonbayer stot aranoH b 
npeawSyne RACH a^h o6Hapy>KeHwa cwmana m oi^eHKM Kanana. 

riocne Toro kbk nonbacBaTenbCKOMy repMiiHany paapemeH AOcryn k CMCTewie m HaanaHeHbi 
pecypcbi FCH/RCH nynKTOM AOCTyna, nonbSOBaTenbCKMii repMiiHan nocbinasT aranoH (k 
npi/iMepy, nMnoT-cuman MBxMBbix) b Hanane Ka>KAOro m FIBA Kanana RCH, Koxopbie oh 
nepeAaeT. Ecnii nonbaoBaxenbCKHw TepMHnan ncnonbayex pe>KMM paaneceHMfl, TorAa aranon 
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nocbinaeTCfl Ha RCH 6e3 ynpaBneHMa. Ecnn noJibaoBarenbCKHM xepiviMHan ncnonbayer pe>KMM 
ynpaBJieHMa nyMOM mjim npocrpaHCTBeHHoro MynbTi/inneKCMpoBaHUH, to ynpaBnaeivibiM 3TanoH 
nocbmaeicH no Kanany RCH, nosBonnn nyHKry flocryna onpefleJiMTb coScTBOHHbiM seKTop flna 
maBHOM co6cTBeHHOH MOflbi (/yifl pexMMa ynpaBneHMa ny40M) v\nv\ Ha6op 113 Meibipex 
5 co6cTBeHHbix BeKTopoB (flns pe>KHMa npocrpaHCTBeHHoro MynbTHnneKCMpoBaHUfl) Ann Ka>Kfloro 
M3 48 noflflnanaaoHOB flaHHbix. YnpaBriqeMbm sranoH nosBonfler nyHioy flocryna ynyMui/iTb ero 
OLieHKy KaHana h oTcne^nsaTb Kanan. 

1 ■ MaflKOBbiw HMJiOT-ctirHan - HHCxoflamaa jiMHtia 

ManKOBbiM ni/inoT-CMman HHCxoflflLnew hhhhii BKmoHaercfl b nepsyio MacTb BCH (kbk noKaaaHO 
Ha cjjur.SA) m nepeflaercn b Ka>KflOM K^i^pe flBP. ManKOBbm nunoT-ci/irHan sKJiioMaeT b ce6n 
KOHKpeTHbiPi CMMBon MOPH (o5o3HaHeHHbiM KaK"B"), KOTopbiH nepeAaercfl Ka>KfloPi m3 neibipex 
aHTeHH B nyHKTe flociyna. Tot >Ke caMbiM cmmboji MOPM B nepeflaeica flBa>KAbi b 
AByxcMMBOJibHOH flni/iTejibHOCTM flfifl MajiKOBoro nmiOT-ci/imana. 

B KOHKpeTHOM BapMaHie ocyLnecTBneHMfl cmviBon MOPM coAep>KMT naSop m3 12 cMMsonoB 
b(k) MOflynflL(m/i BPSKflna 12 KOHKperHbix noAoiManaaoHOB, Koropbie noKaaaHbi b Taenni^e 34. 

TaSjiMua 34 
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fljifl BapnaHTa ocyLnecreneHi/m ManKOBoro nMnoT-cumajia, noKasanHoro b TaGnnqe 34, 
CMMBon MOPM coflepJKMT (1) ci/imboh (^+Jj MOflyjiflMMn BPSKflnn noflflwanaaoHOB -24, -16, -4, 
12, 16, 20 H 24, (2) CMMBOJI -(1+/) MOflyjiflMMH BPSKflna noAAManaaoHOB -20, -12, -8, 4 m 8, m 
(3) ci/imanbHbie aHaHeHun nynnflnn 0CTanbHbix52 noAAnanaaoHOB. CHMBon MOPM B 
cneqHajibHO paccHMraH, HToSbi o6nerHMTb cnHxpoHnsai^Mto m nonyMSHne nacTOTbi 
nonbaoBarenbCKHMM TepMMHanaMw. OflHaKOflnn wiaaKOBoro nunoT-ciirHana Moryr 
McnonbsoBaTbca m flpyrne cmviBonbi MOPM, Koropbie BXOflflT e o6-beM M3o6peTeHi/i5i. 

2. nMnoT-cuman MBxMBbix - HMcxoA^Li^aH nMHun 

riHnoT-CMrHan MBxMBbix HHCxoAaineM jiuhmm BKJitOHaeTca bo BTopyio nacTb BCH (kbk 
noKasaHO na ctJwr.SA) h raKxe nepeAaerca b Ka>KAOM KSApeflBP. nunoT-CHman MBxMBbix 
BKHiOHaeT B ce6a KOHKperHbm cuMBon MOPM (o6o3HaHeHHbiM KaK'P"), Koropbiii nepeAaerca 
Ka>Kfl0M M3 HBTbipex aHTeHH B nyHKTe AOCTyna. Tot >Ke caMbM cmviBon MOPM P nepeAaeTca 
BOceMb pas B 8-cmviBonbHOM AnnienbHOCTH Ana nunoT-CMmana MBxMBbix. OAnaKO eoceivib 
CMMBonoB MOPM P Ana Ka>KAOM ahreNHbi "noKpbiBaiOTca" OTJiMHatoiAefica 4-3neMeHTHoPi 
nocjieAOBarenbHOCTbio yonma, HasHaHeHHofi arofi aHreHhe. noKpbiTue ecTb npoi^ecc, 
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nocpeflCTBOM Koroporo noflne>KaLHMM nepeflaMe aaflaHHbiM nMnoT-cMman mjim ci/iMBon flaHHbix 
(mjim HaSop M3 ^ nMnoT-curHanoB/cMMBonoB flaHHbix c oflMHaKOBbiM sHaMeHweM) 
nepeMHo>KaeTcn CO BceMi/1 ^ sjieMeHTaMw ^ -aneMenTHOM opToroHanbHOMnocneflOBaTeribHocTii 
flna nony^eHHH i noKpbiTbix cmmbohob, KOTopbie aaieM nepeflaioTcn. BcKpbiTue ecrb 

5 KOMnneMSHTapHbiH npoLiecc, nocpeflCTBOM Koroporo npuHSTbie CMMsonbi nepeMHo>KaK)TCfl c ^ 
3neMeHTaMM ^ -aneMeHTHOM oproroHanbHOM nocneflOBaTe/ibHocTHflnfl noni^eHMq ^ BCKpbiTbix 
CMMBonoB, KOTopbie saieM HaKannMBaiOTCfl flnn nony^eHiin oMeHKM nepeAaHHoro nwrioT- 
CMmana/cMMBona flaHHbix. noKpbiTwe oGecneHHBaeT opToronanbHocTb Me>Kfly nepeflaMawM 
nMnoT-cMmaJia A',, nepeAaK)i4MMM aHTeHHawiM m noaBonneT nonbsoBarenbCKUM repMHHanaM 

10 pasjiHHaib OTflejibHbie nepeflaKnnne aHTeHHbi, noKpbiiMe MO>KeT 6biTb peanMSOBaHO 
nocjieflOBaTenbHOCTaMM yoriLua mjim flpyrwiviH opjoroHanbHbiMM nocnefloeaTenbHOCTaMi/i. 
B KOHKpeTHOM BapnaHTe ocyu^ecTBneHMn cmviBon MOPM P coflep>KiiT Ha6op m3 52 cmmbojiob 
MOflyjiflMMM MOPH flna 48 noflAnanaaoHOB flaHHbix m 4 nnjioTHbix noflflnanaaoHOB, 
KOTOpbie noKBsaHbi b TaOniiLfe 34. Ci/imaribHbie aHa^eHMfl nynn nepeflaiOTCfi b ocranbHbix 12 

15 noflAnanaaoHax. CmviBon MOPC P coflep)KMT yHUKa/ibHoe "cnoBO" m3 52 cmviBonoB MOflyjiaumi 
QPSK, KOTOpoe c0opMMpOBaHO flnn o6nenHeHii$i oqeHKii Kanana nojibSOBaTenbCKiiMii 
TepMUHanaMn. 3to yHMKanbHoe cnoBoraioKe BbiSnpaercsq, HTo6bi MiiHi/iMii3iipoBaTb 
M3MepeHHbie SHaHeHiin OTHomeHi/in hmkobom k cpeflHeii molahoctm b nepeflaaaeMOM niijior- 
cumane MBxMBbix. 3to mokst laioKe CHUSMTb BennHUHy wcKajKeHUM m He/inHeMHOCTM, 

20 reHepMpyewibix npnewiHOM cxewow b nonbsoBarenbCKnx repMMHanax, hto mokot o6ecneHi/iTb 
ynyHiiieHHyfO TOHHOCTb OL|eHKM Kanana. OflnaKO flnn nMnoT-CMmana MBxMBbix moxho 
Mcnonb30BaTb m flpyrne cmviBOJibi MOPM, KOTopbie Bxoflqr b o6"beM i/i3o6peTeHMq. 

B BapkiaHTe ocymecTBneHUfl neTbipeivi aHTehHaivi b nyhKie flocryna HasHanaiOTcq 4- 
sneivieHTHbie nocneflOBarenbHOCTH YonLua Wi=1 111, W2=1010, W3=1100 h W4=1001 flna nnnoT- 

25 curHana MBxMBbix. Ann saflaHHOii nocneflOBarenbHOCTii yoniua snaHeHne "1 " yKasbiBaei, hto 
nepeflaeTcn cmmboh MOPH P, a aHaneHiie "0" yKasbiBaer, hto nepeflaeTca cmmboji MOPH -P 
(i.e. KajKflbifi M3 52 cmmbojiob MOflyjinL|MM b P MMBepTMpyerca). 

Ta6jiML|a 35 nepeHncjiaeT CMMBOJibi MOPM, noAne>KaLi|Me nepeflane Ka>KflOM m3 neibipex 
aHTeHH B nyHKTeflOCTyna flnsq MaaKoeoro nMnoT-CHrHana \\ nunoi-CMrhana MBxMBbix. CuMBOJibi 

on MOPH B M P TaKMe , kbk onucaHO Bbiiiie. 



a 1 AHTSHHa 2 AHTSHHa 3 Ahts 



nMnoT-CMmaji MBxMBbix MO)KeT McnojibaoBaTbca nonb30BaTejibCKMMTepMMHajiOMfljia 
oqeHKM KananbHoro OTitnuKa b HucxoflyiiAeM nMHun. B HaciHOCTM, HTo6bi BOCCTaHOBMTb nunoT- 
CMrnaji, nocjiaHHbm m3 aHTeHHbi A-nyHura flOcryna m npMHaTbiPi aHTenHOM /nonbsoBaTejibCKoro 
TepMMHana, nmiOT-CMmaji, npunaTbiPi anTeHHOM /TepMnnajia, cnanajia nepeMHO>KaeTca c 
nocjieAOBaTenbHOCTbioyojiLija, HasHaHeHHoPi BHTeHHe /nyHKTa flocTyna. BoceMb BCKpbiTbix 
CMMBonoB MOPM a™ Bcex BOCbMM CMMBOJibHbix nepMOAOB a™ nMnoT-CMrnajia MBxMBbix saTSivi 
HaKanjiMBaKDTcq, npMHeM HaKonneHne BbinojiHJieTca no OTAenbHOCTi/i a^is^ Ka>KAoro H3 52 
noAAMana30HOB, McnonbayeMbixAJia nepeHOca nmiOT-CMmana MBxMBbix. PeaynbTaTaMH 
HaKonneHMJi asnaioTca . (k) > fl^^ ^-i'^ 26}, hto aBJiaeTca OMehKoPi 

KannGpoBaHHoro KaHanbHoro oriaiMKa HMcxoflnineM jimhwh 113 aHTeHHbi /nyHKTa flocTyna k 
aHTenne ynonbaoBaTenbCKoro TepMMHana p,nf\ 52 noAAnanaaoHOB Aannbix m nHJiOT-OMrHajra. 
Ta >Ke caiuiafl o6pa6oTKa nMnoT-cMmana mokbt BbinonHflTbcn nynKTOM Aocryna flJin 
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BoccTaHOBneHMH nMnoT-cMman, nepeflaeaeMoro ot Ka>KflOM aHTeHHbi nyHKra flocryna k Ka>KflOM 
aHTeHHe nonbaoBaTenbCKoroTepMMHana. riMnoT-cMrHan, nepeflaHHbiM Ka>KflOM aHreHHOM nyHKia 
flocryna, Mo>KeT 6biTb BoccraHOBneH BCKpbiTi/ieM c noMoinbio nocneflOBaTenbHocreM VonLua, 
HasHa^eHHbix arofi aHxeHHe. 06pa6oTKa nHnoT-cwrHana oSecne^MBaer .n^ sHa^eHMii p,na 

^ Ka>Kfloro M3 52 noAf^nanaaoHOB, rfle -'v^ oGoaHaMaeT ni/icno aHieHH b nyHKxe flocryna, 

a ''^.r o6o3HaHaeTHMCJioaHTeHHBnonb30BaTenbCKOMTepMMHane. Jv^ SHaHeHwiii Ann 

Ka>Kfloro noflfli/iana30Ha asjiaiOTCa sneivieHTaMM oneHKi/i H_,^{k} Kani/i6pOBaHHbixKaHanbHbix 
OTKHMKOB HMCxoAaineM JiMHUM flJiH SToro noflflManasoHa. 

10 nunOT-CMman MBxMBbix mokgt TaK>Ke nepeAaBaibCn no BOCxOflnmew nnHMi/i 

nonbaoBarenbCKUM lepMHHanoMflna KannGpoBKH n b pe)KMMe pasHeceHna, Ta>Ke caiviaa 
oSpaSOTKa, onucaHHan Bbimeflnfl nonbaOBaTenbCKOrOTepMHHana, flnn BOCCTaHOBneHMfi nunor- 
CurHana MBxMBbix, nocnaHHOro nyHKTOM flOCTyna, ivio>KeT TaK>Ke BbinonHnrbCn nyHKTOM flOCryna, 
MToSbi BOCcraHOBHTb nHfiOT-CHman MBxMBbix, nocnaHHbiw nonbaoBarenbCKMM repMUHanoM. 

IS 3. ynpaBnneMbiif dranoH 

YnpaBnaeivibiw sranoH MO>KeT nepeflaBaxbca b nac™ npeaM6yjibi FlBfl Kanana RACH (kbk 
noKaaaHO na 0v\r.5C) wnw HBfl Kanajia RCH (KaK noKaaaHO Ha ctDnr.SE m 5G) Ka>KflbiM aKinBHbiM 
nonbaoBarenbCKUM TepMMHanoM. ynpaBfineivibM STanoH MOKei TaK>Ke nepeflaaaxbca b nacTn 
npeaM6yjibi flBfl KaHa/ia FCH (KaK noKaaaHO na cfjurSE h 5F) nyHKJOM flocryna k aKTMBHOiviy 

20 nonbaoBarenbCKOMyTepMUHajiy. 

A. VnpaBnaeMbiM aTanoH ui npocTpaHCTBeHHoe MynbTMnneKCkipoBaHMe 
ynpaenaeivibm arajiOH coflepxm KOHKpeiHbm cmmboji MOPH (Hanpmviep, tot >Ke caivibm 
CMMBOn MOPM P, MCnonbayeMbiM fljifi nunOT-cwrHaria MBxMBbix), KOTOpbiw nepeflaeTCa BceMH 
nepeflaiOLUMMM aHTeHHaMn e nojibsoBaTenbCKOM TepMHHane (flnn BOCxoAameM nnHUM) i/ijim 

25 nyHKTe flOCTyna (Ann HucxoAniMeM dhhmm). OflHaKO cmmbod MOPM P ppfi Ka>KAOro cwMBonbHoro 
nepnoAa o6pa6aTbiBaeTca npocrpaHCTBeHHO (T.e. cfJopMiipoBaHMeM Jiyna) ynpaBnaioinMM 

BeKTOpOM AJlfl OAHOM C06CTBeHH0H MOflbl. 

riepBbiM CMMBon ynpaenaeivioro 3TanoHa, nepeAaBaeworo nojibsoBaTenbCKUM TepMiiHa/iOM b 
npeaM6yjie Kanana RACH, Moner 6biTb Bbipa>KeH kbk: 
30 x(A:) = K„(fe).v„/^)-pW^ jt er, YpaBHeHHe (64) 

rfle H(k) ABJiJieTCfl BeKTopoM nepeAaHM p.n9\ noflAnanaaoHa /c, 
K„(k) flBnaercn KoppenaLiHOHHofi MarpuLieM aha noAflManaaoHa A: Ann nonbsoBaTenbCKoro 
TepMi/iHana; 

v^j (k ) asnaeTca ynpaBnatomuM BeKiopoM pj\^ noAAnanaaoHa /rnaBHofi mnpoKononocHOM 

C06CTBeHH0M MOAbi; 

p(k) aBnaerca nunoTHbiM cmmbojiom Ana noAflnanasoHa k, m 
={-32 31} aBJiaexca HaSopOM wHAeKCOB pj\f\ Bcex 64 noAflwanaaoHOB. 

BeKTop x(k) BK/iK)MaeT B ce6a netbipe CMMBona nepeAaMM AJ^^^ Ka)KAoro SHaneHna k, 
40 KOTopbie noflne>KaT nepeAane Heibipbivi?! aHreHHaivm b nonbaoBaieribCKOM repMHHane. 

ynpaBJifiioinnM BSKTop v^jifA^ aBJiaejca nepBbiM CTOJ161401VI iviaTpni4bi ^ npaBbix 

co6cTBeHHbix BeKTOpOB OLieHKM ^^.^ KajiM6pOBaHHbix KaHanbHbix otkhmkob BOcxoA^^eM 

niiHMM.rAe f>^^^;t; = |v^irA:; v^/Jt; v_^,ik)\ ' ^ v^/^t; aBnaerca i-ibiM 

45 . , . . 

CTon6L^OM V ^(k) ■ Bbiiue npeAnonaraerca, hto cnHrynapHbie aHaneHMa b ^^^^ m CTone^bi 

y (li) ynopaAOHMBaK)Tca, KaK onMcaHo Bbime. 

BTOpoii cwMBon ynpaBnaeMoro STa/iOHa, nepeAaaaeMbm nonbSOBaTenbCKMivi repMUHanoM b 
npeaM6yjie Kanana RACH, BKnioHaeT b ce6a iiHAWKarop ckopocth nepeAann AaHHbix (HCfl) 
(DRI) A-na HBfl Kanana RACH, HCfl yKaabieaei CKopocxb, ncnonbaoeaHHyK) A-na cooSLueHna 
RACH, noCJiaHHOro b riBfl Kanana RACH. MCfl BCrpaMBaerca bo BTOpOti chmboji ynpaBnaeMOro 
aranoHa nyrewi OTo6pajKeHMa MCfl b KOHKpeTHbm cmviBon MOPH s^. , kbk noKaaano b TaGnwue 
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1 5. Ci/iMBon s^- aareM nepeMHo>KaeTcn c nHnoTHbiwi cMMBonoiui p(k} nepefl BbinonHeHweM 
npocTpaHCTBeHHoti o6pa6oTKM. Bropofi cmviBon ynpasnsieMoro aranoHa pj\s\ RACH uomej 6biTb 
Bbipa}KeH ksk: 

x(fc) = (fc) • v^jCit) • • p(*) , AJia A: e if' ypaBHCime (65) 

KaK noKaaaHO b ypaBHeHnax (64) m (65), TonbKO co6cTBeHHbiM BeKTop v^,i(k) flJia rnaBHoro 
liinpoKononocHOM co6cTBeHHOfi MOAbi Hcnonbsyeica flna ynpaenaeMoro aianoHa flna RACH, 

Cmmboji ynpaBJifleMoro STajioHa, nepeAaHHbiti nonbaoBarejibCKUM repMUHanoivi b npeaM6yne 
Kanana RACH, MO>KeT 6biTb Bbipa>KeH kbk: 
?.p^^W = K^(fc)-v„^(*:)'i>(t) ,WT>r iter. ypasHCHHC (56) 

rfle ^^,,„„('*^J nenneTcn aeKTOpOM nepefla>Hi/i fljia noflflManaaoHa A'lUMpOKononocHoPi 
coScTBeHHOii moabi m, m 

v^^(k ) asnneTCJi ynpaBnatoinnM seKTopoM pjm noflflnanaaoHa AujupoKonojiocHOfi 

COSCTBeHHOH MOflbl /77(T.e. /TbIM CT0n6L10M j?- ^jj-^ . 

Cmmboji ynpaBJiaeivioro aranOHa, nepeflaHHbiii nyHKTOM flOCryna b npeaiviSyne Kanana FCH, 
MO>KeT 6blTb Bbipa>KeH ksk: 

S*^s^^(^:) = K,/fc) -u;p.„Cfc)pCfc) .Ana * G if', YpaBHeHHe (67) 

TAe -^f„^,™f^J aBnaeTca seKTopoM nepeflann a^ji noAAnanasoHa AriuMpoKonojiocHOPi 

COSCTBeHHOM MOAbI m, 

K' (ki ^BnaeTc?! KoppeKTupoBOHHoPi MaTpnij,eH a^a noAAnanaaoHa kp,nf\ nyHKTa Aociyna; n 
^* j flBJifleTca ynpaBJiJiKJLUMM BeKTopoM A-Tifi noAA^anaaoHa A'LunpoKononocHOM 

C06CTBeHH0pi MOAbI /77, 

YnpaBnaroLAMM bcktop ii^jk) JiBnaerca /7>HbiM CTon6L|OM Maipm^bi t?'^f';t^ npaBbix 

C06CTBeHHblX BeKTOpOB OqeHKM ff,j,(k} KaJluSpOBaHHblX KaHanbHblX OTmiMKOB HMCXOASlLMeM 
J1MHMM, TAe 0^ (k) = B^,, (k) 3 W «^.. (^;1 ■ 

ynpaennewibiH arajiOH MO>KeT nepeflaBajbcn pasjinHHbiM o6pa30M. B oahom sapkiaHTe 
ocymecTBJieHiiH oamh unw 6onee co6cTBeHHbix seKTOpOB MCnonbSyKDrca p,m ynpaBJiaeivioro 
aranOHa A^a Ka>KAOro KaApa flBP m saBucnr ot AnnTenbHOc™ ynpaBnaeivioro 3TanoHa, KOropan 
yKaabieaerCH nonaiviM Tun npeaM6ynbi FCH/RCH b wHCpopMannOHHOM anewieHje FCCH. 
Ta6nML\a 36 nepeHncnaer npuBeASHHbie A^a npmviepa c«6cTBeHHbie BSKTOpbi, ncnonb3yeMbie 
Ann npeaM6ynbi An a KaHanOB FCH n RCHflna paa/inHHbix paaiviepOB npeaM6y jibi. 



CoecTaeHHBH MQfla ffl , rue m 



KaK noKaaaHO b Taennqe 36, ynpaBnaeivibiM arajiOH nepeAaercn a^h acex neibipex 
co6cTBeHHbix MOA B eAMHCTBeHHOM KaApe flBP, KorAa pasMep npeaM6ynbi paBSH neibipeM v\m 
BOCbMM CMMBonaM MOPM. ynpasnneivibiH 3Tan0H, nepeAaHHbm nonbaoBBTenbCKMM repMMHanoM 
Ann n-HOro cwMBOna MOPM b npeaiviSyne Ann Kanana RCH, MO>KeT SbiTb Bbipa>KeH kbk: 
x^^,n(fr) = K,(A:)-v^,^,(S;)-p(ft) , nm K' h n = {l,...,Ll, VpaDEienHe (68) 

TAe ^ flBnaeTCfl pasMepoM npeaM6ynbi, i.e. ^ =4 Ann Tuna 2 i/i ^ =8 Ann THna 3. 

AHanomHHO ynpasnneMbiPi aranOH, nepeAaHHbiM nyHKTOM flOcryna Ann n-HOro cmviBOna 
MOPH B npeaM6yne Ann KaHana FCH, M0)KeT6biTb BbipaiKeH rbk: 
x^Ak) = K^{k)-U^^^^ik)pik) , Tyra ter H « = {1,.„,L}, ypaBHeHHe(69) 
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KaK noKaaaHo b ypaBHeHunx (68) m (69), neTbipe co5cTBeHHbix MOflbi i^i/iKnuMecKM 
noBTopniOTcn Mepea Ka>KflbiM 4-cnMBonbHbiM nepnoA nocpeflcxBOM onepaqMn (" mod 4) p,na 
ynpaBJiHiomero seKTopa. 3ia cxewia MOKer i/icnoJib30BaTbcn, ecnn Kanan MsiuieHaeTcn 6onee 
6bicTpo M (mhh) Ha paHHeM craflnn cxjeflMHeHUfl, Korfla hvjkho Sbicxpo noJiyMiiTb xopoiuyio 
5 oqeHKy Kana/ia flnn npasnnbHOM pa6oTbi cMcreivibi. 

B flpyroM BapnaHTe ocymecTeneHMfl ynpasjiqeivibiM aranoH nepeflaercn flnn oahom 
lUMpoKononocHOM co6cTBeHHOM MOflbi flfifl Ka}Kfloro Kaflpa flBP. ynpasnneMbiM aranoH flnn 
4eTbipex ujMpoKononocHbix co6cTBeHHbix MOfl MO}KeT qiiKHMHecKH noBTopnTbCfl Hepea ^exbipe 
KaApaflBP. Hanpmuiep, ynpaBfiqioimie BSKTopbi v^fjfjtj ^ v^rii^) ' '^^t-ii^) ^'iut'x(^) '^oTt 
MCnonbaOBBTbCn noJibaOBarenbCKLiM repMUHanoivi flnn nepeoro, BTOporo, Tpeibero m 
HeTsepToro KBApOB flBP cooTBercTBeHHO. KoHKpeTHbiw McnonbayeMbiw ynpaannioinMii seKiop 

MO}KeT KOHKpeTM3L1pOBaTbCn AByMfl MJiaALUMMM 6l1TaMM 3Ha4eHlin C-teTHMKa KaAPOB B COOSlMeHHH 

KaHBJia BCH. Sra cxewia nosBOJiJieT ncnonbaoBarb 6ojiee KopoTKyio nacTb npeaM6ynbi e flBfl, ho 
MOTKerr norpe^OBarb 60Jiee A^i^TenbHoro nepMOAa BpeMeni/i, nroGbi nojiy-mTb xopomyio oqeHKy 
15 KaHa/ia. 

Ann o6oMx oniicaHHbix Bbime Bapi/ianTOB ocyiAecrBJieHiifl ynpaBJisqeivibiii arajiOH MO}KeT 
nepeAaBaibcn na Bcex neibipex co6cTBeHHbix moabx pj\^\ nepeAani/i ashhux Aaxe npi/i 
MCnonb30BaHiii/i b ASHMbiM momsht MSHee neivi nerbipex co6cTBeHHbix moa (k npiiMepy, iia-sa 
Toro, HTO HencnonbsyeMbie co6cTBeHHbie moaw nsjiJiHDTcyi HeKaHecTBenHbiMn m OT6poiijeHbi sa 
20 CHST co3AaHiin MsSbiTOHHOCTM). RepeAana ynpaenneMoro aranoHa na HeMcnojibayeMOM b 
AaHHbiM MOMeHT co6cTBeHHOM MOfls nosBOfiaeT npneMHMKy onpeflejiHTb, KorAa coBcTBeHHaa 
MOAa ynyHLuaeTca b flocTaTOHHoPi creneHii, HTo6bi Bbi6paTb ee a^h McnonbsoBaHnn. 

B. YnpaenyieivibiM STanoH fljiji ynpaBJieHMsi nynow 

fljifl pe>KMMa ynpaBnehna nynoM npocTpaHCTeeHHaa o5pa6oTKa na nepeAatomePi cropoHe 
25 BbinonnaeTca c noMOinbio Ha6opa HopMnpoBaHHbix co6cTBeHHbix BeKTopoB flna rnaBHOM 
LuiipoKonojiocHoii co6cTBeHHoii MOAbi. 06LAa;i cj^yHKLjiin nepeHOca HopMnpoBanHbiM 
co6cTBeHHbiM BeKTopoM OTHUHHa OT o6i4eM c|3yHKL;MM nepenoca HeHopMnpoeaNHbiM 
co6cTBeHHbiM eeKTopoM (T.e. v^tx(k) ^'^a/^' v^fW ). ynpaenaeMbiM sianoH, 

reHepupyeivibm CMcnonbsoBaHneM Ha6opa HopMnpoBaHHbix co6cTBeHHbix eeKTopoBAJia Bcex 
30 noAAnanaaoHOB, Mo>KeT aaieivi nepeflaaaTbCJi nepeAaiHUKOM m ncnonbaoaaTbCfl npneMHUKOM 
Ana BbiAejieHMsi eeicTopoB comacoBaHHbix (JJUJibTpoB flna amx noAflnanasoHOB Ana pe>KMMa 
ynpaBJieHi/iq JiynoM. 

fljifl BOCxoflaiAeki jiuhmh ynpaanaeMbiM aiajiOH fljin pe>KMMa ynpaBJieHna nynoM MOJKer 6biTb 
Bbipa>KeH KaK: 

^ %^,,,m = K^{k)l^{k)p(k) , AJM keK. VpaBHeHHe (70) 

B nyHKTe Aocryna npuHarbm ynpasnaeMbm aranOH BOCxOAnu^eH nHHMM ^^r^ pe>KMMa 
ynpaBneHMFi nyMOwi MO>KeT 6biTb Bbipa>KeH KaK: 

(jfc) = (fe)x^„(ft) + n^(fc) , pjin ksK, 

= (fe)K„, ik)l,, ik)p{k) + (k) ypaBHCHHe (7 1) 

=^n^,ik)y^{k)p{k) + n^(k) 
45 4To6bi nonyMMTb eeKTop-crpoKy tnjk) cx)rnacoBaHHoro ct^nnbrpa nepeAaMM no 
B0CX0AHL4eM nMHHM cynpaBneHMeM nynoivi, npMHATbiM BeKiop 'f^-.^J^') A^a ynpaBnaeMoro 
aranoHa chanana nepeMHOKaerca c p'(k). Peaynbrar aaieivi MHTerpMpyeica no MHOxecTBy 
npwHaTbix CMMBonoB ynpasnaeMoro aianoHa pj\^ ct)opMMpoBaHMa oqeHKM Kc J^) ^Jk) 
50 BeKTop m^/^) asnneTca conpa}KeHHOM TpaHcno3HL;MeM ot 3tom 0L|eHKM. 

ripn paSore b pe>KHMe ynpaaneHna nynoM nonb3QBaTenbCKMM repwiMHan MO}KeT nepeAasaib 
MH0>KecTB0 CMMBonoB ynpaBHaeMoro aranoHa, k npwMepy, oamh MnM 6onee CMMoonoB c 
Mcnonb30BaHMeM HopMMpoBaHHoro co6cTBeHHoro Beicropa 'v^<'k) , op,nH iinM Sonee CMMBonoa 
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c Hcnonb30BaHMeM coBcTBeHHoro seKTopa v^^^ (k ) ftna maBHoi/i LUMpoKonojiocHOH co6cTBeHHOM 

MOAbI M, B03M0)KH0, OflMH HnH 6onee CMMBOJIOB C MCnOJlb30BaHMeM C06CTBeHHblX BeKTOpOB flJia 

Apymx LUHpOKOnonoCHbix coSCTseHMbix MOfl. CmviBOnbi ynpaBnneivioro aranOHa, reHepMpyeivibie b 
noMOLi^bK) v_^/k) , Moryi McnonbaoBaibca nyHKTOM Aociyna Ana uony^enm BeKTopa m,/k) 

comacoBaHHoro cjDHJibTpa. CMMBonbi ynpaBnnewioro arajiOHa, reHepMpyeMbie cnoMoinbio 

(k ) , Moryr wcnonbaoBarbCfl flnn nony*HeHHH , Koropbiii MOJKer aarew 

MCnonbSOBaTbcn pj\^ nonyHeHnn HOpMHposaHHOro co6cTBeHHOro Benropa W , Koropbm 
McnonbsyeTCfl p,m ynpaBJieHUfl JiynoM b HucxoAfliMefi nnHnn. CuMBO/ibi ynpaBJinewioro aianoHa, 
reHepMpyewbie co5cTBeHHbiMM BeKTOpaMM v^^(k) - •'..rjv^W flnn flpymx coScTaeHHbix moa, 
MOryr ncnoJibaOBarbCn nyHKTOM flocryna flna nonyHeHi/ia n^^rik) - n^^^J.^) m CHHrynnpHbix 
3HaMeHMM AJia stmx Apyrux coScTBeHHbix MOfl. Sra MHctiopMai^Ma Mo>KeT aareivi McnonbsoBarbc^i 
nyHKTOM Aocryna, mtoSh onpeASniiTb, MCnojibayerca jim pe>KMM npocrpaHCTBeHHOro 
MyjibTunneKcupoBaHMa unii pexi/iM ynpasneHnq nyMOM pj\^ nepeAa^w AaHHbix. 

flnn HMCxOAHiMeii jimhhm nonbaoBarenbCKHM repwiMHan MO)KeT nonyHiiTb Benrop m^(k ) Ana 
pe>KMMa ynpaBJieHMH nyMOM Ha ochobs oneHKw H_,^(k) KanH6poBaHHbix KananbHbix oTKnwKOB 
HMCxoAfliAeM nMHMM. B HacTHOCTM, nonbaoBarenbCKUM repivii/iHan wMeer h,^,,*; m3 
AeKOMno3ML|iiM no CMHryjiJipHbiM SHaHeHHSM H_,^a) v\ mokct nonyMMTb HopMnpoeaHMbiM 
co6cTBeHHbifi BCKTop H^f*; . nonb30BaTenbCKMM TepMMHaji MOKST aareM nepeiviHOKHTb 

0 H,^ik) , HT06bl HOnyHMTb a,Jk) , M Aanee MO>KeT HOnyHMTb m^j('jfc^ Ha 

ocHOse iXoJ^) U.^(^) ■ AnbTepHaTMBHO ynpaBJiaeMbiw aranoH MO>KeT Sbiib nepeflan nynKTOM 
AOcryna c noMOinbio HopMnpoBaHHoro co6cTBeHHoro seKTopa u^/kj , v\ 3tot ynpasjiyieMbm 
3TanoH MOKer o6pa6aTbiBaTbCfl nonbsoBaTenbCKUM repMUHajiOM raK, kbk onucaHO Bbime Ana 
nonyHeHMfl m^^,(k) ■ 

4. nunoT-cuman necymeM - Bocxoflfima^i JiMHiia 

OnHcaHHaa crpyKiypa noAAnanaaoha MOPH BKJiiOHaeT b ce6fl neibipe noAflnanasoHa nunoi- 
CMrhanoB c nHAeKcaMn -21 , -7, 7 m 21 . B oahom BapMaHie ocymecTBneHUJi nMnoT-curHan 
HecyiAefi nepeAaeica b nerbipex noAAnanaaoHax nunoT-CHmana bo Bcex cmviBO/iax MOPH, 
KOTopbie He flBJiJuoTca HacTflMM npeaM6y;ibi. nHnoT-CMman HecymePi MO>KeT 6biTb McnonbaoBan 
npkieMHkiKOM, HToGbi OToneKMBaib cjsaaoBbie M3MeHeHMq BcneACTBkie Apei^cjsa b renepaTopax KaK 
B nepeAaTHMKe, raK m b npneMHMKe. 3to mokct o6ecneHMTb yny«HLueHHbie noKaaaTeriM npn 

A6M0AynaL|MM AaHHblX. 

riMnoT-CHrHan HecymeM coAep>KMT nexbipe nunoTHbix nocneAOBaTenbHOCTM, P^^(n) , P^^fn^ . 
P,-i(n) M P^^(n) , KOTopbie nepeAatOTcn b neibipex noflAnanascHax nunoT-CMrHancB. rinjiOTHbie 
nocjieAOBaTenbHOCTM Moryr 6biTb onpeAenenbi KaK: 

p^j(„) = p^^(n) = /'^3(n) = -P^^<n) , fl-ia n ={1, 2, ... 127} , YpaRHeHHe (72) 

rfle " eCTb MHAeKC Ana CMMBOnbHOro nepnOAa MOPH. 

nunOTHbie nocneAOeaTeJibHOCTn MOryi 6biTb onpeASneHbi Ha oCHOeaHMM paSHbix 
nocjieAOBaTenbHOCTeM AanHbix. B Bapnahie ocyiAecTBneHun nnnoxHaa nocneAOBarenbHOCTb 

(n ) reHepMpyerca na oCHOeaHUH nonHHOivia (j(x) = -^-x^ +x . we HaHanbHoe coCTOnnne 
yCTaHasnnBaeTCa na Bce HyriM, a BbixoflHbie 6MTbi OTo6pa>KaiOTCfl BSHaHeHna cumana 
cneAyKJLAUM oSpaaoM: 1 ^ -1 m 0 ^ 1 . rii/iJioTHan nocneAOBaTenbHocTb p^^(n ) Ana " ={1 , 2, 

127} Mo>KeT 6biTb Bbipa)KeHa KaK: 
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^',,(n)= {1,1,1,1,-1,-1,-1,1,-1-1,-1,-1,1,1,-1,1,-1,-1,1,1,-1,1,1,-1,14,1,1,1,1,-1,1, 



1,1.-1,1,1,-1,-1.1,1,1,-1,1,-1,-1.-1,1,-1,1.-1,-1,1,-1,-1,1,1,1,1,1-1,-1,1,1, 
-1,-1.1,-1.1,-1,1,1,-1,-1,-1,1,1,-1,-1,-1,-1,1,-1,-1,1,-1,1,1,1,1,-1,1,-1,1,-1,1, 

5 

-1,-1,-1,-1,-1,1,-1,1.1,-1,1,-1,1.1,1,-1.-1,1,-1.-1,-1.1.1,1,-1,-1,-1,-1,-1,-1,-1}- 

SHa^eHun "1" m "-1 " b nnnoxHOii nocneflOBaTenbHOc™ p^jn ) Moryr OTo6pa>KaTbCsi b 
ni/inoTHbie cuMBOJibi c noMOi^bio KOHKperHOH cxeMbi MOAynni^nH. Hanpi/iMep, c noMOinbK) BPSK 
"1" MO>KeT OTo6pa>KaTbCfi b 1+-' , a MO>KeT OTo6pa>KaTbca b ). Ecnn mvieeTCfi 6onee 127 
CMMBOnOB MOPH, TO nwriOTHan nocneAOBarenbHOCTb MO>KeT nOBTOpaibca, raKHTO P^^(n) - 
pjn) (" mod 127) a™ ">127. 

B oflHOM sapnaHTe ocymeciBJieHMfl nerbipe nnjiOTHbix nocjieAOBaTenbHOCTn 
nepeyCTaHaBJiHBaKDTCa Ka>KAOro TpaHCnopTHOro Kanana. TaKMM o6pa30M, b HucxoflnineM 
jiMHi/iM nunoTHbie nocneAOBaTenbHOcru nepeycTaHaBJiMBaiOTCflflnn nepBoro cuMBona MOPM 
coo6meHMfl Kanana BCH, nepeycraHasnMBaiOTCH onnib a™ nepBOro cmviBOna MOPM 
coo6i4eHiifl Kanana FCCH ii nepeycraHaBJii/iBaHDTCn Ann nepBOro cmviBOJia MOPM, nepeAaHHOro 
no KaHany FCH. B Apyrowi BapwaHre ocyiAecrBJieHi/in nmiOTHbie nocneAOBaTenbHOc™ 
nepeyCTaHaBfiMBaiOTCn b Hanane Ka>Kfloro KaApa flBP h nOBTOpnHDTCn raK nacTO, kbk 3to 
Heo6xOAMMO. fljin aroro Bapi/iaHia ocy^ecTsneHMn nHJiOTHbie nocneAOBaTenbHOc™ wioryr 6biTb 
ccTaHOBneHbi BreneHne Hac™ npeaM6ynbi KanajiOB BCH m FCH. 

B pejKMivie pasHeceHMfl nerbipe nwnOTHbix nocjieAOBaTenbHOCTii OTo6pa>KaK3TCn na Heibipe 
napbi nOAAMana30HOB/aHTeHH, KaK nOKaaaHO e TaSnnqe 29. B nacTHOCTii, pjn ) Mcnojibayercfl 
2s A^^ noAAnanaaoHa -21 aHTeHHbi 1 , p^_,j n i Mcnonbayercfl flna noAAnanaaoHa -7 aHTeHHbi 2, 

n) Mcnojibayerca AJ^^ noAAnanaaoHa 7 aHTeHHbi 3, a P^/n) i/icnojibayercn a^^" 

nOAAwanaaoHa 21 aHTeHHbi 4. Ka>KAan nunoTHaa nocjieAOBare/ibHCCTb aaieivi nepeAaercfi na 
CBnaaHHbix c nefi nOAAnanaaone m anTeHHe. 

B pejKMwie npocTpahCTBeHHOro MynbTi/inneKCupOBaHun neTbipe niinOTHbix 
nocneAOBaTenbHOc™ nepOAaiOTCn na rnaBHOki co6cTBeHHOM MOAe mx cooTBeTCTByioiAMx 
nOAflManaaoHOB. FlpocTpaHCTBeHHan o6pa6oTKa a^h niinOTHbix CHMBOnOB necyiAeii ananoraHHa 
BbinonHnewioii Ann CMMBOnOB MOAynni^mi, kbk onMcano Bbime. B pe>KMMe ynpaaneHMfl nyHOM 
HeTbipe HMnoTHbix nocneAOBaTenbhOCTH nepeAaiOTcn Ha mx cooTBeTCTByiOLAMx noAflManaaoHax c 
MCnonb30BaHneivi ynpaaneHMn nynOM. YnpaBneHMe nynoM p,nfi ni/inOTHbix cmviBOnOB necymeM 
^ TaioKe aHanornHHO BbinonHneMOiviy a^h cmviBOnOB MOpymi^m. 

KoHKpeTHaa CTpyKTypa nunOT-CMrHana onMcana Bbiiue p^n cwCTeMbi BJIBC MBxMBbix. flnn 
3T0H cMCTeMbi TaK}Ke Moryj McnonbaoBaTbcn p,pyrv\e crpyicrypbi ni/inoT-ciirHana, KOTopbie 
BxOAflT B o6-beM M3o6peTeHMn. 

IX. PaSoTa CMCreMbi 

(J>Hr. 1 2A nOKasbiBaeT KOHKpeTHbm BapwaHT ocyiAecrBnehiin AwarpaMMbi 1 200 cocTOnHMii Ann 
paBoTbi nonbaosaTenbCKoro TepMi/ihana. 3Ta AnarpaMMa cocTonHi/iti sKJiio'HaeT b ce6n neTbipe 
cocTOnHHn - cocronHiie 1210 tlHtinnnpOBaHne, cocronHne 1220 HeaKJUBHoe, cocTOnHiie 
1230/7oc7>77i/i cocTonHi/ie 1240 Coe^tiHeHm. Ka>KAoe m3 cocTOflHMM 1210, 1220, 1230 m 1240 
MOJKeT accoLiHkipOBaTbca c HeCKOnbKi/iMM nOACOCTOnHnniviM (ne nOKaaanbi na ct3Mr.12AAna 

45 npOCTOTbl). 

B cocTonHMM MHi/iLiMiipoBaHMe nonbsoBaTenbCKHM TepMMHan nonynaeT cucTeiviHyK) nacTOTy m 
CMHxpoHM3aL|MK) M HonyHaeT napawieTpbi ci/icTeMbi, nocnanHbie no KaHany BCH. B 
cocTonHMM MHMqunpoBaHne nonbsoBaTenbCKMM Tepivn/iHan mokct BbinonHfiTbcneAyiOLAMe 

Ct)yHKL|MM: 

50 - OnpeAeneHHe CMCTeMbi - nonbsoBarenbCKnw TepMnnan onpeAenneT, na KaKow HecymeM 
HacTOTe saxBaTHTb cMCTeiviy. 

- 3axBaT >HacTOTbi/cMHxpoHH3aLiMM - nonbaoBaTenbCKMH TepMMHan saxaaTbisaeT ManKOBbiw 
ni/inoT-cnrHan m cooTBeTCTBeHHo nacTpanBaeT cbok) HacroTy m cMHxpoHH3aLiMK>. 
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-3axBaT napaMeTpoB-nonb30BaTenbCKHM repMHHan o6pa6aTbiBaeT BCH, HTo6bi no/iy^MTb 
napaMerpbi cMcieMbi, cB^isaHHbie c nyHKTOM flocxyna, 113 Koroporo npi/iHMMaeTcn cwman 

HMCXOA^ILMeM JIMHHM. 

rio 3aBepujeHiii/i Tpe5yeMbix flna cocTOflHMa MnnquMpoBaHtte dpynKum nonbaoBaTenbCKwCi 
5 TepMMHan nepexoflWT b cocronHwe HeaKTHBHoe. 

B cocTonHMM HeaKTMBHoe nonbsoBarenbCKHM repMUHan nepnoAHMecKn 0Tcne>KiiBaeT KaHan 
BCH Ha HanHMkie o6HOBneHHbix napawieTpoB cwcreMbi, yKaaaHi/iw noHCKOBbix BbiaoBOB m 
lUMpoKOBemaTenbHbix coo6iMeHMM, nocbmaeMbix no HMcxoflflmew nwHi/iH, m j.p,. HiiKaKMe paflMo 
pecypcbi He BbiflenaioTCfl nonbaoBare/ibCKOMy repMi/iHany b stom coctoahmm. B 
cocTonHMM HeaKTHBHoe nonbsoBarenbCKHM TepMMHan MOJKex BbinoJiHajb cneflyioi^Me ctjyHKLiMn: 

- EcjiM o6ecneHMBaeTCfl perncTpai^nfl, nonbsoBaTenbCKi/ifi repMHHan bxoaht b 
cocToaHne flocTyn c aanpocoM peruicTpai-imi. 

- Ecnn o6ecneHHBaeTCfi Ka;iM6poBKa nepeflaTHMKa/npneMHMKa, nonbaoBarenbCKHfi repMUHan 
BxoflMT B cocTonHMe/7oc7y/7c aanpocoM KanM6poBKM. 

- nojibaoBaTejibCKMM lepMHHan KOHTponnpyeT Kanan BCH na HannHMe yKaaaHMsi noncKOBbix 
Bbi30B0B M LunpoKOBemaTeJibHbix coo6L4eHMM, nocnaHHbix no Kanariy FCH. 

- Ecjin nonbaoBaTenbCKUM TepMnnan MMeer flanHbie, HTo6bi nocnaib mx no Bocxoflflu^epi 
fiHHMM, OH BxoflMT B cocTonHi/ie //7oc7>y7c sanpocoM pecypcoB. 

- nojibsoBaTejibCKMH TepMMHan BbinonHaeT SKcnnyaTa^noNHbie npoMeAypti, TaKne KaK 
^ o6HOBneHMe napaweTpoB cucTeMbi m cne>KeHi/ie aa KananoM. 

- nonbsoBaTenbCKHM Tepwunan M0)KeT exoAHTb b npepbiBucTbiti pe)KiiM pa6oTbi flnjq 
c6epe)KeHMn moiuhoctm, ecnn 9tot pe>KMM noAflepjKMsaeTCfl nonbsoBaTenbCKMM TepwiiHanoM, 

Ecnn nonbsoBaTenbCKOMy Tepr/innany Hy>KHbi paAMO pecypcbi ot nyHKTa AOCTyna Ana KaKOM- 
nM6o saAaHM, oh nepexoAUT b cocronHne Mocryn. HanpMMep, nonbsoBaTenbCKMM TepMMHan 
MO>KeT nepewTM b cocT05iHMe/7fc?y/7B OTBei na noMCKOBbiPi bhsob unw HHAWKaTop DST, 
nocbinaeMbiPi b coo6Li^eHMM Kanana BCH, flnn perncrpaLiMH hhm sanpoca na KanM6poBKy Hnw Ana 
sanpoca BbiAenennbix pecypcoB. 

B cocTOflHMM ^cJC7y/7 nonbsoBaTenbCKMM TepMMHan naxoAHTcn b nponecce oepaL^eHnyi k 
CMCreMe, nonbaoBaTenbCKMM TepMMHan M0}KeT nocbinaTb KOpOTKMe cooBu^eHMa m (MnM) sanpocbi 
na pecypcbi FCH/RCH c McnonbaosaHMeM Kanana RACH. Pa6oTa b Kanane RACH 6onee 
'^'^ nOApo6HO onMcana hmjkb. EcnH nonbSOBaTenbCKMii TepMMHan OTCoeAMHneTCn ot nyHKTa 
AOCTyna, to oh nepexoAUT naaafl b cocroaHMe HeaicrmHoe. EcnM nonbsosaTenbCKOMy 
TepMMHany nasHanaiOTCfl pecypcbi Ann HMCxOAHLAeM nMHMM m (MnM) BOCxOAnu^eii nMHMM, to oh 
nepexoAMT b cocroanMe CoeflmeHtie. 

B cocTOflHMM Coe/tHHBHMe nonbSOBaTenbCKOMy TBpMHHany HasHanaiOTCn pecypcbi FCH/RCH, 
^ xoTfl M Heo6a3aTenbHO Ana Ka>KAoro KaApa flBP. nonbsoBaTenbCKMM TepMMHan MO>KeT aKTi/isno 
MCnonbSOsaTb BbiAsnenHbie pecypcbi v\nv\ M0>KeT naxOAMTCn b 0)KMAaHMM (nOAAep>KMBan 
coeflMHeHMe) b cocTOahMn Coe/juHBHiie. nonbSoeaTenbCKHM TepMnnan ocTaercn b 
cocTOaHMM CoeffMHBHMe i\o Tex nop, nOKa oh ne 6yAeT OTCoeAi^HeH nyHKTOM Aocryna hhm 
ecHM BbiMAST ero epeMs nocne OTCyTCTewa aKTHBHOCTki ajis KOHKpeiHOro nepMOAa BpeMenM 
npocTOn, M b 3tom cnynae oh nepexoflMT HaaaA b C0CT0aHne HeaKTHBHoe. 

HaxOAHCb b cocTOnHMM HeaKTHBHoe, /^ocTyn v\n\A CoemMHeHffe, nonbSOBaTenbCKMM repMMnan 
nepexOAMT nasaA b cocTOnHMe MHHLfHMpOBaHne, ecnM ero nMTaHMe BbiKnKDnaeTCJi MnM ecnM 
coeAMHeHMe 0T6pacbiBaeTca. 

Omf. 12B noKasbieaeT KOHKpeTHbiM aapManT ocyiAecTeneHMR Ai^arpaMMbi cocToaHMM Ana 
45 cocTOHHHn 1240 Coe^HHeHHB. B stom BapMBHTe ocyiAecTBneHMn cocTOahMe Coe/jHHBHtie 
BKnK)HaeT b ce6a TpM noACOCToaHHa - noACOCToanMe 1260 VcTaHOBKa, noACOCToanMe 
1270 OmpbiToew nOACOcronHne 1280 OMUffaHne. nonbSoeaTenbCKMM lepMMHan bxoamt b 
noACOCToaHMe ycraws/ca npM npueivie HasHaneHMa no Kanany FCCH. 

B nOACOCTOHHHM YcTaHOBKa nonbaoBaienbCKMM TepMnnan naxOAHTCa b nponecce yCTanOBKH 
50 coeAMHeni/ia m eme ne oSMeHi/iBaerca AannbiMn. YcTaHOBKa coeAMHeHi/ia mojkgt BKnioMaTb b 
ce6a oqeHKy Kanana Ana nyHKTa AOCTyna, Haxo>KAeHMe CKOpocTM nepeAanM, cornacoBanMe 
ycnyr m t.a- Hpn bxoag b noflcocTonHMe YcraHOBKa nonb30BaTenbCKHM TepMwnan 
ycTanaanMBaeT TaMMep na KOHKpeTHoe SHaHeniie apeMSHM. EcnM apeMa TaiiMepa MCTeKaeTAO 
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Bbixofla nonbaoBarenbCKoro repMUHa/ia 1/13 aroro noflcocronHMn, to oh nepexofli/ir Haaafl b 
cocToaHne HeaKmsHoe. nonbaoBaxenbCKHti TepMiiHan nepexoAUT b noACOCTOflHwe OTKpbiroe 
no saBepiueHHi/i ycraHOBKM coeflWHeHMn. 

B noflcocTonHMH OrxphiToe nonb30BaTenbCKiiM xepiviMHan m nyHKTflocryna o6MeHHBaK)Tcn 
5 flaHHbiMM no HMCxoAfliMefi Jimhmm m (nnn) BocxoflniiieM nnHMw. B noflCOCTOflHUM OTKpbiroe 
nonbsoBarenbCKUM repMUHan KOHTpoJinpyei KanaJi BCH Ha HanMi-iiie napaMerpos cHcreMbi 1/1 
yKasaHiiq noMCKOBoro Bbi30Ba/iuMpoKOBei4aTenbHbixcoo6ineHMM. Echm coo6iMeHMe Kanana BCH 
HeB03Mo>KHo npaBHfibHo fleKOflwpoBaTb B KOHKpeTHOM HMcne KaflpoB flBP, nonbsoBarenbCKMM 
repMMHan nepexoflWT nasafl b cocTonHMe MnnquMpoBaHMe. 

nonbsOBaTenbCKMM repMUhan KOHTponi/ipyer TaK>Ke KaHan FCCH na nanuMMe nHcjaopMai^MM 
HasHaHeHMn KahanoB, ynpaBJieHUfi CKopocTbto nepeAanw, ynpaBJienHfl CHHxpoHi/i3aL(MeM RCH m 
ynpaBJieHMa MOLUHocTbKj. nonbsoBaTenbCKUM repMMHan 0L;eHMBaeT oTHomeHne C/LU A^n 
npuHflToro CMrhana c HcnonbaoBaHMeivi ManKoeoro nM/iOT-CMmana Kanana BCH v\ npeaM6ynbi 
KaHana FCH m HaxoAnx MaKci/iManbhyK) CKopocTb nepeAaMn, Koropan Mo>KeT HaAe>KHo 
noflAep>KMBaTbCfl B KaHane FCH. 

Ha3HaMeHMq KanaJiOB FCH m RCH a^a nonbaoBaTenbCKoro TepMnnana A-tih Ka>KAoro KaApa 
flBP aaAaiOTcn MHc|)opMaL(MOHHbiMM 3JieMeHTaMn B riBfl Kanana FCCH, nepeflaHHbiMn b 
TeKymeM (wnM, bo3mo>kho, b npeAbiAyiAew) KaApeflBP. nonb30BaTeJibCKOMyTepMHHany Mo>KeT 
He HaaHanaTbca nepeAana Aannbix no Kana/iy FCH m (i/inn) RCH pj\9\ nK)6oro saAaHHoro KaApa 
^ flBP. fljin Ka>KAoro KaApa flBP, b kotopom nojib30BaTenbCKMfi repMUHaji ne nnaHnpyeTcn na 
nepeAany AaHHbix, oh ne npHHi/iMaer riBfl Kanana FCH no HMCxoAfliMeM jii/ihmm 1/1 ne nepeAaer no 

BOCXOflfllMeMnUHMM. 

flnfl Ka>Kfloro KaApa flBP, nnaHMpyeMoro A^f nonbsoBarenbCKoro repiviMHana, nepeAanM 
AaHHbix no HMCxoAJiLAeM m (unM) BOCxoAainePi nMNMAM BbinonHflOTCfl c i/icnonbaoBaHiieM 
CKopocTM, pe>KMMa nepeAaHM n CABwra CMHxpoHM3aL(HM Kanana RCH (Ann BOCxoAflLMeii nnHMM), 
yKaaaHHbix e HasHaHeHnax Kanana FCCH (r.e. MHcjDopiviaLiMOHHbix sneMeHrax Kanana FCCH, 
aApecoBaHHbix sroMy nonbsoBarenbCKOMy lepiviMHany). rionbSOBaTenbCKMPi repMnnan 
npuHMMaei, fleMOflyjinpyer m AeKOAnpyei nocnannbie eiviy riBfl Kanana FCH. nonbsoBaTenbCKuPi 
repMMHan raioKe nepeAaer flBfl KaHana RCH, Koropbie sKniOHaior b ce6fl npeaM6yny m 
yKaaarenb CKopocm nepeAaMn Aannbix Kanana FCH. nonbaoBarenbCKMfi repwiMnan perynMpyer 
CKOpocrb, HCnonb3yeMyio b RCH, cornacHO MHC|DOpMaLiiiM ynpaeneHMn CKOpocrbio, 
coAepjKaiAeMCfl b HasHaHenmi FCCH. Ecnw pf\i\ nepeAann no BOCxoA^iiAeM nMniiH npMMeHflercfl 
ynpaBneHMe MOLi^HOCTbio, to nonbSOBarenbCKiiM repMMnan perynMpyer cboio MOiAHOcrb 
nepeAaHM na ocHoeaHMM KOivianA ynpasneHMfl, BKmonenHbix b nasnaneHMe FCCH. 06MeH 
AaHHbiMM MO>Ker 6birb naKernpOBanHbiivi, m b sroivi cnynae nonbSOsarenbCKMM repMMHan M0>Ker 

^ BxoAHTb B noAcocTOflHMe OMMffaHMB BCflKMM pa3 B orcyTCTBue oSMena AanhbiMM. 

nonbSoearenbCKMM repMMHan bxcaht b nOACOcrOHHMe 0?Ki^aHMe no yKaaaHMto nyHKra 
Aocryna, EcnM nyHKT Aocryna ne Hasnanaer Kanan FCH wnn RCH nonbSOBarenbCKOMy 
repMMHany b KONKpernOM HMCne KaApoe flBP, ro nonbSOBarenbCKnii repMMHan nepexOAMr nasaA 
B cocTOflHue HeaKTHBHoe m coxpanaer cbom Mfl YflC, 

B nOACOCTOHHMM 0?Kn/jaHne KBK BOCxOAaiAaa nMHMH, raK m HMCxOAsmaa nMHMa HeaaHarbi. 
flaHHbie He nocbinaiOTCfl hm b oahom HanpaBnenim. OAnaKO niiHMM nOAAep>KMBaK)TCiq c 
MCnonbaoeaHkieM ynpaBnneMOro eranona m ynpaenniOLAMx cooBiAeHMM. B arOM nOACOcronHMM 
nyHKT AOcryna nepMOA^necKM nasHaHaer flBfl 0}KiiAaHkifl nonbSoearenbCKOMy lepMMnany no 
Kanany RCH i/i, B03Mo>Kno, FCH (ne o6n3aTenbno OAHOBpeMenno). nonb30BaTenbCKMM 

45 repMMHan M0>Ker coxpannrb cocTOflHwe Co^yineHm GecKOnenHO npM ycnOBWM, hto nynKr 
AOcryna nepMOAMHecKM nasnaHaer FlBfl 0}KMflaHMq no Kanany FCH m RCH, nroCbi 
noftqepjKMBarb nMHMio. 

HaxoAf cb B noACOcroaHMM Oxn^aHiie., nonbsoBarenbCKMH repiyiMHan KonrponMpyer Kanan 
BCH. EcHM coc6iAeHMe Kanana BCH ne ASKOAMpyerca npasMnbHO b KOHKperHOM HHCne ksaPOb 
50 flBP, ro nonb30BarenbCKMM repMMnan nepexoAur nasaA b cocronnMe MHnqtmpoBaHMe. 
nonb30BarenbCKHii repMMnan raK>Ke KOHrponMpyer Kanan FCCH na HanMHMe MncpopMaLiMki 
na3HaMenMn KananoB, ynpasnenHn cKopocrbio, ynpasnenHn cMnxpoHM3aL;MeM RCH m ynpaenenMn 
MOLAHOCTbK). nonbsoBarenbCKHM repMMnan M0}Ker TaK>Ke oi^enMBarb ornoLuenMe C/Lil b 



CTpaHML<a: 81 



npuHflTOM cumane m onpeflennrb MaKcuManbHyK) CKopocTb nepeAaMM, noAflep>KMBaeMyK3 FCH. 
nonbaoBaienbCKMM repMUHan nepeflaex flBfl 0>KMAaHMa no Kanany RCH, Korfla oh HasHaMeH, m 
ycTaHaBnuBaei 5mt 3anpoc RCH b flBfl 0)KMflaHMe, ecnw oh iiMeer flaHHbie A-tih nepeAaMi/i. Ecru 
nyHKT Aocryna He HasHaMaer Kanan FCH Mnii RCH nonbaoBarenbCKOMy TepwiMHany b 
KOHKpeTHOM HMcne KaflpoB flBP, TO noJibsoBarenbCKUM repMHHaJi nepexoflWT naaaA b cocronHMe 
HeaKTMBHoe m coxpaHqer cbom l/lfl VflC. 

TaMMep KOHTponbHoro speMeHU (npocroq) Mo>KeT ycraHasnMBaTbCfl Ha KOHKpeTHoe anaMeHne 
npn Bxofle B nK)5oe 113 rpex noflcocTOflHHM. 3tot raiiMep 6yAeT aareiw yMenbiuaTb cBoe 
3HaMeHMe, ecnM b 3tom noflcocTonHnii ner HMKaKoii aKTMBHocTM. TepMHha/i 6yfleT nepexoAHTb 
M3 noflcocTonHMM YcTaHOBKa, Aktmbhob m OMi^ffaHMe HaaaA b cocToaHHe HeaiamHoe no 
Mcre'HeHMH ycTaHOBnehHoro speivieHM lawMepa KOHTponbHoro BpewieHu 1/1 b 
cocToaHne MMMqut^poaaHPie, ecnw coeAHHeHne cGpacbiBaercn. I/I3 
noACOCTOflHMfl AKTMBHoe HJiM 0}KtiflaHm lepMUHaji 6yAeT nepexoflHTb HaaaA b 
cocToaHne HeaKmsHoe, ecnn coeAHHeHne paateAUHflexcn. 

(t»Mr.12AM 12B noKasbiBaiOT KOHKpeTHbiPi sapnaHT ocymecTBneHHfl AwarpaiviMbi cocTOflhUM, 
KOTopan Mo>KeT ncnonbaoBaTbca pp^ nonbsoBarenbCKoro repMHHaria. flnn CMcreMbi Moryr 
Mcnonb30BaTbcyi pasnwHHbie nHbie fluarpaMMbi coctoahmm c MeHbiunivi Hucnoivi coctohhum m 

nOACOCTOHHMM, AOnOJlHMTeJlbHblMH M (wnw) 0TnM4HblMM COCTOflHI/inMH M nOflCOCTOnHMflMH, 470 

laioKe BxoAMT B o5"beM M3o6peTeHMyi. 
X. CnyHaMHbiii A OCT yn 

B BapMaHTe ocymecTBJieHMjq npiiMeHJieTCJi cxewia cjiynaMHoro AOcryna flna oGecneHeHMa 
nonbsoBarejibCKUM TepwinHanaM bo3mo)khoctm Aociyna k CMcreMe BJIBC MBxMBbix. B 
BapMaHTe ocyiAecTBneHiifl cxeMa cnynafiHoro flocTyna ocHOBaha na cerMeHTMpoBaHHoPi cxeivie 
Aloha, nocpeACTBOM KOTopoPi nonbSOBaTeJibCKufi TepMMHan ocyu^ecTBnfleT nepeflany b cnyHaMHO 
Bbi6paHH0ivi BpeMeHHOM MHTepBaJie Kanana RACH, HTo6bi nonbiTaTbcn nonynnTb Aociyn k 
CMCieivie. ncjibsoBaTejibCKHM repMHnan mokct nocbmarb MHO>KecTBO nepeAan no Kanany RACH, 
noKa He nonyHUT AOCTyn nnn noKa ne GyAer AOCiMrHyro MaKCHManbHoe hi/icjio nonbiTOK 
AOCTyna. PasnnHHbie napaivieTpbi Ana vaymow nepeAaMM no Kanany RACH MoryT HSMeHflTbcn 
Ann nOBbimeHMn BeponTHOCTn ycnexa, ksk onkicano HM>Ke. 

<l>Mr.13 linmocTpupyeT BpeMeHHoPi rpacjawK Ana Kanana RACH, KOiopbiM noApaaAenaeTca na 
BpeivieHHbie i/inrepBanbi (cerivieHTbi) Kanana RACH. Hmcjio BpeMennbix MHTepBanoe RACH, 
flOcrynHbix Ann ncnonbsoBaHMJi b Ka>KAOM KaApe flBP, n AnnxenbHOCTb BpeMeHHoro nHrepBana 
RACH nBJiaiOTCfl KOHCt)i/irypkipyeMbiMii napaivieTpaMi/i. MaKCMMyM 32 BpeivienHbix MHTepsana 
RACH Moryi 6biTb AOCTynnbi Ana ncnonbsoBaHMfl b Ka>Kfloivi KaApe flBP, SamnTHbiCi MHiepsan 
Me>KAy kchl;om nocneAHero BpeMehHOro wHTepsana RACH v\ HananoM flBfl BCH a™ 
cneAyK)LAero KaApa flBP xaioKe flBJiaeiOfl KOH(})MrypMpyeMbiM napaMeTpoM. Sth Tpn napaivieipa 
Ana RACH MOryi MSMeHflTbCa ot KaApa k ksapy v\ yKaabiBaroica nonsMn flnnna RACH, Paaiviep 
BpeivieHHOro HHTepBana RACH m SaiAHTHbm nHrepBan RACH coo6meHna BCH. 

KorAa nojib30BaTenbCKMM repMHHan )KenaeT nojiyHMTb Aocryn k cucreivie, oh CHanajia 
06pa6aTbiBaeT coo6iAeHMa Kanana BCH flnn nonyHeHMa Heo6xOAHMbix napaivieTpOB CMCTSMbi. 
SaTGM nonbSOBaTenbCKMM TepMMHan nocbinaei riBfl Kanana RACH no Kanany RACH, 3tot flBfl 
Kanana RACH BK^ronaeT b ce6n coo6iAeHMe RACH, KOTOpoe C0Aep>KMT wncpopiviaLiMK), 
neo6xOAmviyio nynKxy AOcryna flnn o6pa6oTKi/i 3anpoca na AOcryn or nonbSOBaTenbCKCro 
repMMHana. Hanpi/iiviep, coo6Li^eHiie RACH BKnionaeT b ce6n HasnanenHbiM nonbSoeaTenbCKOMy 
repMHHany Hfl VflC, Koropbiti no3BonneT nyrncry AOcryna nAeHTiict)i/iLiiipoBaTb 
nonbSOBaTenbCKMM TepwiMnan. PemCTpauMn Mfl VflC (T.e. KOHKpejHoe anaHeni/ie Mfl VflC) mokst 
pe3epBMpQBaTbca Ana He3aperMCTpMpoBaHHbix nonb30BaTenbCKMx TepuMnanoB. B3tom cnynae 
AnMHHbiM Hfl nonb30BaTenbCKOrOTepMiiHana M0>KeT6biTb BKmOHen b none flonesHOM narpysKM 
coo6meHHn RACH BiuiecTe c peri/icTpai^MeM Mfl VflC. 

KaK onMcano Bbime, flBfl RACH M0>KeT nepeAaeaTbcn na oahom m3 nexbipex CKOpocTeM, 
KOTopbie nepeHMcnenbi b Ta6nML(e 15. BbiGpannaa CKopocTb BCTpaMsaeTcn b npeaMSyny FlBfl 
RACH (KaKnOKasano na cpMr.SC). FlBfl RACHTaK>Ke MwieeT nepeMennyKD Antiny b 1, 2, 4 Mnw 8 
CMMBonoB MOPM (mto TaK>Ke nepeHMcneHO b TaSnwqe 15), KOTopan yKasbiBaeTca b none 
fljiMTenbHocTb coo6inenMq b coo6iMenMM RACH. 
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fljifl nepeflaMM FlBfl RACH nonbsoBarenbCKHM repMHHari CHaMana onpeAenaex mmcjio 
BpeMeHHbix MHTepBanoB RACH, Koiopbie mo>kho McnonbsoBarbflnfl nepeflaMM (i.e. MMcno 
"npuroflHbix KynoTpeSneHMK)" BpeMeHHbix MHrepBa/iOB RACH). 3to onpeflenenne ocHOBano na 
(1) 4Mcne BpeMeHHbix MHTepBanoB RACH, flocrynHbix b reKymeM Kaflpe flBP, (2) flnnjenbHocTM 
Ka>Kfloro BpeMeHHoro nHrepBana RACH, (3) sa^MTHOM HHTepsane m (4) flriMHe noAJnenoLnero 
nepeflaMe flBfl RACH. flBfl RACH He Mo>KeT BbixoAHTb 3a KoneM cerMeHra RACH b Kaflpe flBP. 
TaKHM o6pa30M, ecnw flBfl RACH fljinHHee, msm oflWH BpeMeHHoPi nhrepBan RACH nnioc 
aaiUMTHbiH MHTepBan, to 3tot flBfl MO)KeT He 6biTb nepeflan b oahom i/iriM 6onee flocrynHbix 
no3>Ke BpeMeHHbix nHiepBanax RACH. Mwcno BpeiweHHbix i/iHTepBanoB RACH, Koropbie mo>kho 
Mcnonb30BaTb ftnq nepeflaMn flBfl RACH, Mo>KeT 5biTb MeHbiue, 4eM 4Mcno flocxynHbix 
BpeMeHHbix HHTepBanoB RACH na 0CH0BaHni/i nepeHncnenHbix Bbiiue c|3aKTopoB. CerivieHT RACH 
BKHioMaeT B ce6fl aamnTHbm nHxepBan, KoropbiM npeflycMOTpen flna npeflOTBpameHMa 
BsaMMHbix noMex Me>Kfly nepeflaneM no BOCxoflnmePi jihhmm ot nonbsoBarenbCKoro repiviMHajia m 
cneflyKJLAMM cerMenTOM Kanana BCH, mto bosmojkho A^f' nonbsoBarenbCKnx repMHHanoB, 
KOTopbie He KOMnehci/ipyKjT cbom 3aAep>KKn BpeMeHi/i AByxcTopoHnero pacnpocTpaHeHHfi 
CMTHana. 

Saieivi nonbsoBBTenbCKUM repMnnan cnyHawHbiM o6pa30M BbiOnpaeT oahh m nop,xopflinyix 
BpeMeHHbix MHTepBanoB RACH, moGbi nepeflarb FlBfl RACH. nonb30BaTenbCKHM TepMMHan 
sareM nepsAaei FlBfl RACH, HanHHan c Bbi6paHHoro BpeMeHHoro nHTepsana RACH. Ecni/i b 
nonbsoBarejibCKOM repMHHajie MSBecTHa 3aAep>KKa BpeMeHw AByxcropoHHero pacnpocrpaHeHUfl 
CMrHana k nynicry flocryna m o6paTHO, oh MO>KeT yMecrb 3Ty saAepmy nyreM 
cooTBercTByioiAeM perynnposKn csoeCi CMHxpoHM3aMMM. 

KorAa nyHKTAOCjyna npiiHUMaer FlBfl RACH, oh npoBepneT npuHAToe coo5meHMe RACH c 
noMOLAbK) CRC, BKJiiOHeHHoro b sto coo6ineHMe. FlynKT Aocryna 0T6pacbiBaeT coo6meHMe 
RACH npoBepKa CRC GesycneLUHa. Ecnn npoBepKa CRC ycneiuHa, nyHKT Aooryna 
ycTahaBfiMBaeT 6mt noATBep>KAeHMe RACH b Kahane BCH b cneAytoineM KaApe flBP h 
nepeAaex noATBep>KAeHMe RACH no Kanajiy FCCH b Aeyx KaApax flBP. Me>KAy ycTahOBKoPi Sma 
noATBep>KAeHMe na BCH m nocbiJiKoii noATBep>KAeHMfl no Kanany FCCH MO>KeT nMeTbCJi 
3aAep>KKa, Koropyio mo)kho ncnonbSOBaTb A^f ynera nnaHMpOBaHiw 3aAep>KKn m t.a. HanpwMep, 
ecnn nyHKT flocryna npuHMMaei coo6iAeHMe no Kanany RACH, oh MO>KeT ycraHOBurb 5mt 
riOATBepjKAeHi/ie b Kanane BCH m nojiyHMTb 3aAep>KaHHbiM otkjimk no Kanany FCCH. Bur 
FloflTBepjKAeHi/ie npennTCTByer nosTopHbiM nonbiTKaM nojibsoBarenbCKnx repMHnanoB m 
no3BOnneT ne v\Me\0[nv\M ycnexa nonbSOBarenbCKkiM repMHnanaM 6biCTpo ocyLAecTBMTb 
noBTopnyK) nonbiiKy 3a ncKntOMeHneM nepnoflOB 3aHnToro Kanana RACH. 

EcnM nonbaoBarenbCKHM repMHHan BbinonHHer pernCTpai^i/iio, to oh iicnonbsyej l/lflVflC 
perwcTpaqnM (KnpuMepy, 0x0001). FlynKT AOcryna OTBenaeT noobinKOM oooSiAeHMJi HasHaHeniie 
Mfl yflC no Kanany FCH. Bee Apyrwe Tunbi nepeAan RACH BKmonatOT b ceBa Mfl VflC 
nonbSOBarenbCKCro TepMMHana, HasHaneHNbiM CkicreiviOM. FlynKT AOCTyna neHbiM o6pa30M 
nOATBep>KAaeT Bce npaennbHO npuHSTbie coo6LAeHMH Kanana RACH nyTGM nocbinKn 
noATBep>KAeHMM no Kanany FCCH c nOMOLUbK) Hfl VflC, HasHaHeHHOro nonbSOBaTenbCKOMy 
TepMMHany. 

Flocne TOro kbk nonbSOsaTenbCKiiM TepMMHan nocbinaeT FlBfl no Kanany RACH, oh 
KOHTponwpyeT Kananbi BCH m FCCH, HTo6bi onpeAenMTb, npMHST Mnii hbt m o6pa6oTaH nM 
nynKTOM AOcryna ero FlBfl Kanana RACH. FlonbSOBaTenbCKHw TepMiman KOHTponMpyeT Kanan 
BCH, MToSbi onpeAenMTb, ycTanoBnen nM b coo6LAeHMH BCH 6mt noATBep}KAeHMe RACH. EcnM 
3T0T 6iiT ycranOBnen, mto yKasbisaeT, hto noflTBepjKASHMe Ann STOro m {v\nvi) neKOTOpbix 
ApyrMx nonbsoBaTenbCKMx TepMMnanoB nocbinaeTcn no Kanany FCCH, to nonbsoBaTenbCKUM 
TepMnnan sajBM o6pa6aTbiBaeT coo6iAenMe Kanana FCCH, HTo6bi nonynnTb MHCpopMai^HOHNbie 
aneMenTbi Tuna 3 1/13, coAep>KaiAMe noATBep}KAeHMa. B npoiMBHOM cnynae, ecnw 6mt 
FlOATBepjKAeHne RACH ne nocbinaeTCa, to nonbSOsaTenbCKMM TepMMHan npOAOn>KaeT 
KOHTpojiMpoBaTb KaHan BCH MnM BoaoSnoBnaeT cbok) npoqeAypy AOCTyna no Kanany RACH. 

Tmh 3 H3 FCCH ncnonbsyeTCa Ana 6biCTporo nepenoca nOATBep>KAeHkiM Ana ycnemnbix 
nonbiTOK AOCTyna. KaJKAbiii HHctJopMaL^MonnbiH aneMenT noATBep>KAeHMfl coAep>KMT HflVflC, 
CBqsannbiM c nonbsoBarenbCKMM TepMMnanoM, p,nr\ KOToporo nocbinaeTcn noATBep}KAeHMe. 
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BbicTpoe noflTBep>KfleHMe wcnonbayeTcn, mtoGbi coo6iHMTb nonbsoBarenbCKOMy repMHHany, mto 
ero 3anpoc flociyna npwHaT, ho He canaaH c nasHaMeHMeM pecypcoB FCH/RCH. Ecnn 
nonbaoBaxenbCKHM repMi/iHan npi/iHHMaer 6bicTpoe noflTBep)KfleHMe no Kanany FCCH, oh 
nepexoAUT b cocrosiHMe HeaKTHBHoe. Ecjim nonbaoBaTenbCKWH TepMHHan npHHMMaer 
5 ocHOBaHHoe Ha HaaHa^eHMM noflTBep>KfleHiie, oh nonyMaeT MHctJopMaMiiio nnaHi/ipoBaHMa, 
nocnaHHyio BMecre c noflTBep)KfleHneM, h HaMWHaer ncnonbaoBaHwe KanaxiOB FCH/RCH, KaK 
HasHa^eHo b leKymeM Kaflpe flBP. 

□onbaoBaTenbCKHM repMHHan BoaoGHOBnaeT npoLieflypy flocryna no Kanany RAGH, ec/ii/i oh 
He npuHMMaer noflTBep>KfleHHfl no Kanany FCH b TeMenne KOHKpeiHoro Mi/icna KaflpoB flBP 
nocne nepeflaMi/i FlBfl RACH. B 3tom cnyqae nonbsoBarenbCKHM repMHHan Mo>KeT 
npeAnono>KMTb, hto nyHKiflccTyna He npuH^n npasi/inbHO flBfl RACH. rionbaoBaTenbCKMM 
TepMMHanoM noAAep>KMBaeTca CMemHKflna noACMeia Mucna nonbiTOKflociyna. STOTCMexMMK 
MO}KeT i/iHHi4i/iann3MpoBaTbCfl Ha Hynb AJifi nepeoPi nonbUKH flocryna h nonynaTb npHpameHiie na 
eAMHHqy flna Ka>KflOM nocneflyK)Lij,eH nonbiTKM flociyna. FlonbaoBaTenbCKUM repMHHan GyAer 
saBepLuaTb npoqeAypy Aociyna, ecjiM aHaneHMe cneTHMKa AOCTuraer MaKCMManbHoro HMcna 
nonbiTOK. 

fljin Ka>KflOM nocneAytOLMew nonbUKu AOCiyna nonbsoBaTenbCKHfi lepiviMHan cnanana 
onpeAenqer paani/iMHbie napaMerpbi aha 3tom nonbiTKM flocryna, b tom Mwcne (1) nepwoA 
speMeHM ojKMAaHMfl nepsA nepeAaneui RBfl RACH, (2) speMeHHoPi i/iHrepBan RACH, 

^ McnonbsyeMbiM A^n nepeAaHM FlBfl RACH m (3) CKopocTb nepeAani/i a^a riBfl RACH. flna 

onpeAejieHi/in nepnoAa speMeHM o>KHAaHiifl nojibsoBaTenbCKi/iPi Tepwii/iHan cnaMana onpeAenneT 
MaKCMManbHbiM nepMOA speMeHi/i o>KMAaHMfl aji« cneAyioineM nonbiTKM Aocryna, Koropoe 
HasbiBaeTcsi "okho cocTaaaHMfl" (OC) (CW). B BapnaHie ocyinecTBneHMfl okho cocTnaaHMfl 
(KOTopoe saAaerca b eAunm^ax KaApoB flBP) 3KcnoHeHL(ManbHO yeenMHHBaeTCfl A^f Ka>KAOH 
nonbiTKM AOCTyna (r.e. oc=2"°"'''™^°*^^^). Okho C0CT?i3aHMa M0>KeT 6biTb TaioKe onpeAeneno 
Ha ocHOBe HeKOTopoM APyroM cjDyHKMHM (nanprnviep, JiMHeiiHoti ctjyHKL^MM) ot HHcna nonbiTOK 
AOCTyna, riepMOA epeMeHu OKMAahna Ana cjieAyioiAeCi nonbiTKn AOCTyna aareivi BbiGkipaeTCJi 
cnynaMHbiM o6pa30M Me>Kfly nyneivi m OC. nonbaoeaTenbCKufi TepMMHan 6yAeT OKHAaTb stot 
nepMOfl BpeiweHH nepeA nepeAaneki flBfl RACH Ann cneflywu^eH nonbiTKM flOCTyna. 

flnfl cneAyKJiAefi nonbiTKn AOCTyna nonbsoBaTenbCKiifi TepMnnan CHM>KaeT CKopocTb 
nepeAann Ann FlBfl RACH, ecrm Ann nocneAHeii nonbiTKM flOCTyna ne MCnonbaoeanacb 
HaMHH3Luaji CKopooTb. HaHanbhafl OKopocTbnepeAaHM, nononbsyeMan a^ji nepeofi nonbiTKM 
AOCTyna, MO>KeT Bbi6MpaTbcn na ocHOse OTHOiueHMn C/LLI nHnOT-CMmana flnn npMHnTOro 
CMrnana, nocnaHHoro no Kanany BCH. HeyAana b nqwewe noATBep>KAeHMa mokst 6biTb BbiSBana 
6e3ycneLiJHbiM npneiviOM FlBfl RACH nyHKiOM AOcryna, TaKMivi o6pa30M, CKOpocTb nepeAanM Ann 

^ riBfl RACH B cneAyioineM nonbiTKe AOcryna CHM>KaeTca A-na noBbiiueHMfl BepojiTHOCiM 
npasMnbHOro npMSivia nyHKTOM AOcryna. 

Flocjie o>KMAaHMa cnyHaMHO Bbi6paHHOro BpewieHn o>KMAaHMn nonbSOBarenbCKHM repMHHan 
CHOBa cnyMaMHbiM o6pa3CM Bbi6MpaeT BpewieHHOH MHTepsan RACH Ann nepSAaHM FlBfl RACH. 
Bbi6op BpeMeHHCro MHiepsana RACH Ann stoh nonbiTKM AOCTyna mokst BbinonnnTbCn 
aHanorHHHbiM o6pa30M, kbk onMcano Bbime Ann nepBOii nonbiTKM AOcryna, sa MCKnKJHeHMewi 
TOro, HTO napawieTpbi RACH (T.e. hmcjio BpeMeHHbix MHTepeanOB RACH, AnMTenbHOCTb 
BpeivieHHOro MHTepsana m saiAiiTHbiM MHTepsan) Ann TeKyiAero KaApa flBP, KaK nepeAano b 
coo6i4eHiiM BCH, MCnonbSyiOTCn BwiecTe c AniiHOii TeKyiAero FlBfl RACH. FlBfl RACH 
nepeAaeTCn aareM b cnynaiiHO Bbi6paHH0M BpeivieHHOM MHTepsane RACH. 

^ FlpoqeAypa flOCTyna, onMcaHHaa Bbnue, npOAOn>KaeTCn ao rex nop, nOKa nwSo (1) 
nonbaoBarenbCKHM TepMMHan ne npMMer noATBep>KAeHMfl ot nynKra AOCTyna, nM6o (2) ne 
6yAeT AOCTMmyTO iviaKCMManbHoe HMCno paspeiiiehMbix nonbirOK AOCiyna. flnn Ka>KAOM nonbiTKM 
AOCTyna nepwoA BpeMenM o>KMAaHMfl nepeA nepeAaneM FlBfl RACH ucnonbayeMbiM BpeMeHHoPi 
MHTSpBan RACH Ann nepeAanM FlBfl RACH n CKOpocib nepeAanM Ana FlBfl RACH MOryr 6biTb 

50 Bbi6paHbi, KaK onMcano Bbime. Ecnu npHHnro noATBep>KAeHMe, to nonbsosaTenbCKMM repMwnan 
pa6oTaeT, kbk yKasbisaeTCn nOATBep>KfleHMeM (i.e. oh o>KMAaeT b cocTOaHMw HeaKTMBHoe, 
ecHM npMHiiMaeTCfl Gbicrpoe noflTBep}KAeHMe, i/inw Hani/iHaeT HcnonbsoBanMe FCH/RCH, ecnM 
npkiHMMaeTCn ocnOBaHHoe Ha HashaHeHMii nOATBepjKfleHne). EcnM MaKCMManbHoe Hiicno 
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paapeiiieHHbix nonbiroK AocTynafloCTMmyTo, to nonbsoBarenbCKHM lepMHHan nepexoflWT b 
cocToaHne MHtiqMtipoBaHMe. 

XI. YnpaBJieHiie CKOpocrbio. MoinHocrbio h CMHxpoHi/iaai-ti/ieM 

riyHKT flocryna nnaHiipyeT nepefla^w HMcxoflflinew nnHWH i/i BocxoAameM nnHiiH no KaHanaw 
FCH M RCH H ynpasnqei ckopoctamm nepefla^n flnn Bcex aKTMBHbix nonbaoBareJibCKHx 
TepMMHanoB. Kpowie roro, nyHKT flocryna peryjinpyer MoiMHocxb nepeflaMw HeKoropbix aKTMBHbix 
nonbsoBarenbCKnx repMUHanoB b Bocxoflflinew nMHwu. Pa3nnMHbie KOHiypbi Moryr 
^0A^ep)Kl/1BaTbcn flnn peryniipoBKH cKopoc™, moluhoctm nepeAa^w m cHHxpoHi/iaaMi/ii/i flnn 
Ka>Kfloro aKTMBHoro nonbsoBaTenbCKoro TepMWHana. 

1 . yCnyrM CtJUKCHpOBaHHOM M nepeMeHHOM CKOpOCTM 

riyHKT flocTyna MO>KeT noflflep}KMBaTb yc/iym kbk ctJUKCMposaHHoPi, laK h nepeMenHOfi 
CKopocTM B Kanane FCH m RCH. Vc/iyrn ct)MKCMpoBaHHOM CKopocTi/i Moryr iicnonbaoBaTbcn flnn 
nepeAaHH penn, si/iAeo m t.a- Vcjiyrn nepeMeHHoPi CKopocTM Moryr i/icnonbaoBaTbcn Ana 
nepeAaMM naKeTMposaHHbix Aannbix (nanpHiwep, Be6-noMCKa). 

fljin ycnyr c cjanKcupoBaHHOM CKopocTbio b KaHanax FCH/RCH cfiMKCMpoBaHHafl CKopocTb 
MO>KeT McnonbaoBaTbCfl fij\^ Bcero coeAMHeHi/ifl. flocraBKa c MaKCMManbHbiMi/i ycMriMflMM 
Mcnonb3yeTCfl b Kananax FCH m RCH (i.e. ner noBTopHoPi nepeAaHH). DyHKT Aocryna 
nnaHnpyer nocTOflHHoe Mwcno FIBfl FCH/RCH Ha KOHKpeTHbiii BpewieHHOM MHiepBan, mtoGh 
yAOBJieiBopHTb Tpe6oBaHMfi QoS ycjiyrw. B aaBucHMOCTw ot Tpe6oBaHMM 3aAep)KKM nyHKiy 
AOcryna mokst ne Tpe6oBaTbcn nnaHMpoBarb flBfl FCH/RCH a^a Ka>KAoro KaApa flBP, flnn 
ycnyr c cfiMKCMpoBaHHOM CKopocTbio ynpasneHne MOiAHOCTbio ocyiAecrBJineTcn b Kanajie RCH, 
HO HS b Kana/ie FCH. 

flnfl ycnyr c nepeivieHHOM CKopocTbio b Kananax FCH/RCH CKopocTM nepeflanH, McnonbayeMbie 
AHsi FCH/RCH, Moryr nsMeHJiTbCfl b saBucuMOCTi/i ot KaHanbHbixycnoBUM. flna HeKOTopbix 
MSOxpoHHbix ycnyr (nanpuMep, BUfleo, ayflno) Tpe6oBaHMfl QoS Moryr HanararborpaHMHeHne 
Ha MHHMManbHyio CKopocTb nepeAaHH. flnn 3ti/ix ycnyr nnaHnpoBinHK b nynKie AOcryna 
perynupyer pacnpeAenehne FCH/RCH, HTo6bi o5ecneHMTb nocTOflHHyio CKopocTb nepeflaHii, 
flnjR acMHxpoHHbix ycnyr nepsAaHM AaHHbix (Hanprnviep, Be5-noMCK, nepeHocctjatinoB m t.a ) 
AOcraBKa c wiaKCMManbHbiMH ycnniiflMii o6ecneHHBaeTCfl oni^MeM noBTOphbix nepSAan. flnn 3tmx 
ycnyr CKopocTb nepeAa^n flBnneTon MaKCMwianbHOH CKopocTbio, KOiopa^ mokst naAejKHO 
nOAAep>KiiBaTbC5i KananbHUMii ycnOBkinMii. nnaHiipOBaHiie flB^ FCH/RCH a^^ 
nonbsoBaTenbCKHx Tepwii/iHanoB npeflcraBnjieT co6ofi o6biHHO cjjyHKMHio ot Tpe6oBaHiiM QoS. 
BcflKMM pas, KaK CTCyTCTByiOT ASHMbie AJifl nocbinKki na HMCxOAflLA^M/BOCxOAnLi^eM nMHMM, riBA 
Cbo6oaho nocbinasTCfl no Kanany FCH/RCH pj\9\ noAAep>KaHMn nwHiiH. VnpaBneHiie MOiAHOCTbio 
B saMKHyTOM KOHType He npoii3BOAMTCfl B Kanane FCH kinii RCH p,m ycnyr c nepeMenHOPi 

CKOpOCTbK). 

2. ynpasneHne CKopocTbio 

ynpaeneHHe CKOpocTbHD mokst McnonbSoeaTbCn Ann ycnyr c nepeivieHHOM CKOpocrbK), 
Mcnonb3yK)iAnx Kananbi FCH m RCH, HTo6bi aAanTMposaTb CKCpocrb nepeflann FCH/RCH k 
MSMeHHtoiAMMCa KaHanbHbiM ycnOBHaivi, CKOpoc™ flna ncnonb30BaHM?i b Kananax FCH m RCH 
MoryT ynpaensTbca HesaBMCmvio, Kpowie Toro, e pe>KHMe npocTpaHCTeeHHOro 
MynbTunneKCMpOBaHMH CKOpocTb nepeAann flnn Ka)KAOM miipOKOnonocHOM co6cTBeHHOki moabi 
Ka}KAOro BbiAeneHHOro TpancnopTHOro Kanana M0}KeT ynpaBnnTbcn HesasMCkiMO. VnpaBneHiie 
CKOpocTbio BbinonnneTCn nyhKTOM Aocjyna na ocnOBe odpaTHOii cbasm, o6ecneHeHHOki KajKAbiM 
aKTMBHbiM nonbsoBarenbCKHM TepMiinanoM. FlnaHMpoBiAMK b nynicre AOcryna nnanMpyeT 
nepeAany AaHHbix m onpeAenneT HasHaHeHiin CKOpocTi/i pj\i\ aicTkiBHbix nonbSOBaTenbCKMx 
TepMMHanoB. 

MaKCHManbhan CKOpocTb nepeAaHH, KOTOpaa MO>KeT nOAAep>KMBaTbca na jiio6om nnHHM, 
asnneTca c|DyHKL(MeM (1 ) wiaipHqbi KananbHbix oTKnuKOB Ann Bcex noAAn^nasoHOB AaHHbix, (2) 
ypOBHn Luyivia, Ha6nK)AaeMOro npneMHUKOM, (3) KanecTBa cqehKM Kanana m, bo3mo>kho, Apyrwx 
ct)aKTopoB. flna cMCTeMbi flBP KaHan mo>kho paccMaipMBaTb KaK oSpaTi/iMbiM Ana HHcxoAf meCi 
nMHkiM v\ BOCxOAnineM nkiHMM (nocne TOro, KaK BbinonheHa KanM6pOBKa Ana ynera nK)6bix 
paanHMMM b nyhKTe floCTyna m nonbsosaTenbCKOM TepMMnane). OAHaKo 3tot oSpaii/iMbiM Kanan 
He npeAnonaraer, hto luyMOBbie nopom oahm m re >Ke b nyniae AOCTyna m nonbsoaaTenbCKoivi 
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TepMMHane. TaKMM o6pa30M, p,na aaflaHHoro noJibaoBarenbCKoro lepMMHana ckopoctm 
nepeflaMM Ha FCH m RCH MoryTynpasnnTbcn HeaaBiicMMo. 

VnpaBneHHe CKopocTbio b saMKHyroM KOHiype MOKer McnoJibsoBaTbCfl flna nepeflaMM flaHHbix 
Ha oflHOM HHH Sojiee npocrpaHCTBenHbix KaHanoB. VnpaBneHi/ie CKopocTbK) b aawKHyroM 
5 KOHiype Mo>KeT 6biTb peanwaoBaHo c McnonbsoBaHiieM oflHoro mjim MHOKecrsa KOHiypoB. 
BHyrpeHHHM KOHTyp oLieHUBaer KananbHbie ycJiOBna m BbiSMpaer noflxoflnmyKj CKopocrb 
nepeflaMM flnq Ka>Kfloro npocTpancTBeHHoro Kanana, ncnonbayeivioro flnn nepeAa^M flaHHbix. 
OL(eHKa Kanana n Bbi6op CKopocTM Moryr BbinonHflTbcn, KaK onMcaHo Bbiiue. BneiuHiiM KOHiyp 
MO>KeT McnonbsoBaTbcn flnq oi^eHKi/i Ka^ecTsa nepefla^w flannbix, npMHMMaeMOM b Ka)KflOM 
npocTpancTBeHHOM Kanane, m flnn perynHpoBKM pa6oTbi BhyrpeHHero KOHTypa. KaMecTBo 
nepeASHH flaHHbix mokst 6biTb onpefleneno KonwHecTBeHHO CKopocibio naKeiHbix oujhSok 
(CnO) (PER), MerpMKaMH fleKOflepa HT.fl. i/iriH mx coMeraHneM. K npi/iiwepy, BHeiuHUM KOHxyp 
MO}KeT peryjiMpoBaTb cflBur OTHOLueHHH C/LLI flnsi Ka>Kfloro npocrpaHCTBeHHoro Kanajia fljin 
fl0CTii>KeHMq L;eneBoro SHaMeHwa CnOflnflaroro npocTpaHCTseHHoro Kanana. BneiuHMM KOHiyp 
MoyKBT raioKe npeflnncbiBarb BHyTpeHHeiviy KOHTypy Bbi6paTb 6onee HusKyio CKopocTb nepeflann 
flna npocrpaHCTBeHHoro Kanana, ecnii flnn aroro npocTpancTBeHHoro Kanana o6napy>KMBaK)Tcn 
M36biTOMHbie naKSTHbie oium6kh. 

ynpaeneHMe CKOpocTbio HwcxoflflineM nMHtm 

Ka>Kflbifi aKTi/iBHbiM nonbsoBarenbCKHM TepMnnan mokct OMeHi/iBaib KaHan Hi/icxoflflu^eM 

^ nnHMM na ocnoBe niinoT-curHana MBxMBbix, nepeflaHHoro no lonany BCH b Ka>KflOM Kaflpe flBP, 
riyHKTflocTyna MO>KeT raioKe nepeflasaTb ynpasnfleMbiPi aranoH b riBfl FCH, nocnaHHOM 
KOHKpeiHOMy nonbsoBarenbCKOMy TepMMHany. C noMOi^bio nunoT-CMmana MBxMBbix no Kanany 
BCH M (nnn) ynpasnfleMoro aranoHa no Kanany FCH ncnbsoBaTenbCKHH repiviMHan MO>KeT 
OLieHMTb OTHOLueHne C/LU b npuHaroM ci/irnane m onpeflennTb MaKCMManbHyio CKopocTb 
nepeflaHM, Koropaa MOKer noflflepjKMBaTbcn b Kanane FCH. Ecnw nonb30BaTenbCKnPi TepMiinan 
pa6oTaeT b pe>KiiMe npocTpancTBenHoro MynbTHnneKCupoBani/ifl, to MaKCi/iManbHas CKopocTb 
M0}KeT6biTb onpeflenena flna Ka>Kfloii LunpoKononoonoPi co6cTBeHnoPi MOflbi. Ka>KflbiPi 
nonb30BaTejibCKMM TepMnnan M0>KeT nocnaTb naaafl b nynKi flocTyna MaKCMiviajibHyio OKopocTb, 
nOAaep>KiiBaeMyio Ka}Kfl0M uji/ipOKOncnocnoii co6cTBenHOii MCpofi (flnn pe>KMMa 
npocrpaHCTBeHHoro MynbTMnneKCMpoBani/iJi), MaKCMManbHyw CKopocib, noflflep)Ki/iBaeMyio 

^'^ rnaBHCM uMpOKOncnocHOki co6cTBeHHOki moaom (Ann pe>KMMa ynpaBneHim nynOM), kinii 

MaKcmvianbHyio CKopocTb, noflflepjKi/iBaeMyio KananoM MBxMBbix {f\nr\ pe)KMMa pasneceHUfl) b 
none YKaaarenb CKOpocTM FCH e flBfl RCH. 3™ CKOpocTH MOryr 0Tc6pa>KaTbcn b OTHOiuenMn 
C/LUflnn npiiHAToro ciimana, KOiopbie Moryraareivi ncnonbaoBaTbcn flna BbinonheHUfl 
BbiLueynOMnHyroii npoqeflypbi C03flaniin ii36biTOHnocTM. AnbTepnaTHBHO nonbSOBaTenbCKHfi 

^ repivinHan mokbt nocbinaTb naaafl AOCTaroHnyio MncjjopMaLiiiio (nanprnviep, OTnoiueHiifl C/LU p,m 
npHHflTbix CMmanoe), flaeaa B03M0?KH0CTb nynKiy flOCTyna onpeflennTb MaKCmvianbHyio CKOpocib 
nepeflaHM, noflflep>KiiBaeMyK> HMCxoflaineMniiHMeM. 

OnpefleneHwe TOro, MCnonbsyeTCa nn pe)KMM paaHeceHun, ynpaBneHna nynOM v\n» 
npocTpaHCTBeHHOro MynbTHnneKCMpoeaHun, MOKeT 5biTb BbinonHeHO na ocnOBe oBpainOM cbasm 
OT nonbSOBaTenbCKOro TepMimana. Mwcno lunpCKOnonocHbix co6cTBeHHbix MOfl, Bbi6paHHbix flnn 
kicnonbaosaHMfl, M0>KeT yBennHMib pasBSRSKy Me>KAy ynpaBnniOLi^iiMki BeKTOpaMM. 

4>iir. 14A MnmocTpMpyeT npOLfecc ynpaBneHiin CKOpccibio nepeflaHM HMCxOAs^u^eM nMHMki flnn 
nonbSOBarenbCKCro repMnnana. flBA BCH nepeflaercfl b nepeOM cerMenre Ka>Kfloro Kaflpa ^BP 
M BKnK)HaeT b ceQf\ MafiKOBbiM nMnoT-cMrnan m ni/inoT-ciirHan MBxMBbix, Koropbie Moryr 

4s kicnonbSOBarbCfl nonbaoBarenbCKHMii lepMiiHanaMii flnn oqenKii Kanana m cne>KeHkifl 3a 

KananoM. ynpaBnneMbiM aranon Mo>KeTTaK>Ke 6biTb nocnan b npeaM6yne FlBfl FCH, nocnaHnoro 
nonb30BaTenbCKOMy TepMMHany, nonb30BaTenbCKnfi repwuHan OLieHMBaer Kanan na ocHOBannn 
MBxMBbix M (i/inn) ynpasnneivioro STanona m naxoflUT MaKCMManbHyio(-bie) CKopocTb(-M), 
KOTOpbie MOryT noflflep>KMBaTbca nucxoflameM nkinneM. Oflna CKOpocTb nepeflaHM 

50 oSecneMMBaeTcn flnn Ka}KflOM uji/ipoKononocnoM coScTBenHOM MOflbi, ecnn nonbsoBaTenbCKMM 
TepMHHan pa6oTaeT b pe>KkiMe npocTpaHCTBenHOro MynbTMnneKCMpOBaHna. nonbSOBaTenbCKHM 
repMMHan aareM nocbinaer yKaaarenb ckopoctm flna FCH b none VKaaarenb cKopocTn FCH b 
riBfl RCH, KOTopbiM OH nocbinaeT nynKry flocTyna. 
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rinaHMpoBinMK McnonbsyeT MaKcuManbHyK) cKopocTb, Koropyio ivio>KeT noflAep>KMBaTb 
HMcxoflflLnaa hmhhh flna Ka>Kfloro aKTusHoro nonbaoBaienbCKoro repMUHana, MToSbi 
nnaHMposaTb nepeflaMy flaHHbix HHcxoflnineM jimhmm b nocneflytomux KaflpaxflBP. Ckopoctm m 
flpyran HHctJopiviaLiMq HasHa^eHMa KanaJia Ann noJibaoBarenbCKoro repMMHana 0Tpa>KaK)Tcn b 
5 MHc|3opMaLiMOHHOM 3neMeHTe, nocnaHHOM no Kanany FCCH. CKopocrb nepeflaMW, HasHaMeHHasi 
oflHOMy nonbaoBaxenbCKOMy repMHHany, Mo>KeT BoaflewcTBOBaTb Ha nnaHMpoBaHiie flnn 
ocranbHbix nonbsoBaTe/ibCKHx repMUHanoB. MuHMManbHan 3aflep>KKa Me>Kfly onpefleneHMeM 
CKopocTM nonbsoBarenbCKHM repMUHanoM h ee McnonbaoBaHHeM paBHa npi/i6ni/i3MTenbHo 
OflHOMy Kaflpy flBP. 

C noMou^bK) ynopnflOMeHHofi npoLieflypbi FpaM-lUMMflTa nynKT flocryna Mo>KeT tomho 
onpefleriHTb MaKCHManbHbie CKopocTH, noflflep>KHBaeMbie b Kanane FCH, HenocpeflCTseHHO 1/13 
npeaM6yjibi RCH. 3to Mo>KeT3aTeM cyu^ecTBeHHo ynpocTHTbynpaBJieHne CKopocTbK). 

VnpaBneHne CKopocTbK) BocxoflflineM jii^hhh 

Ka>KflbiM noJibsoBarenbCKUM repMUHan nepeflaerynpaBnneMbiM sTanoH no Kanany RACH bo 
BpeMfl flocryna k CMCieivie m no KaHany RCH nocne HaaHaneHMfl pecypcoe FCH/RCH. FlyNKT 
flocryna Mo>KeT oqeHUBaTb oTHoujeHne C/LLI flna npuHaroro CMmana flnn Ka>KflOM 1/13 
LunpoKonoJiocHbix co6cTBeHHbix MOfl Ha ocHOse ynpaBnaeMoro 3TanoHa b Kanane RCH m 
onpeflennTb waKcuManbHyK) cKopocTb, noAflep>KMBaeMyio Ka>KflOM lUMpoKonoJiocHOM 
co6cTBeHHOM MOflOM. FlepBOHaManbHO nynKT flocTyna mokst ne HMeib xopoiueM OMeHKi/i Kanajia 
^ flna oeecneneHMJi Hafle>KHOM pa6oTbi na mjim b6jim3m MaKCMMajibHofi CKopocTn, noflflepjKMsaeMOM 
Ka>KflOM ujMpoKonojiocHofi co6cTBeHHofi MOflOM. HTo6bi yjiyniuMTb Hafle)KHOCTb, HananbHafl 
CKopocTb, McnojibsyeMan b Kanajiax FCH/RCH, MOJKeT 6biTb naMHoro HM>Ke, neivi MaKCWMajibHan 
noflflep)KMBaeMafl CKopocTb. FlyHKT flocryna MO>KeT nHTerpi/ipoBaTb ynpaBnaeivibiH aranoH no 
HecKOJibKMM KaflpaM flBP, HTo6bi nonyMWTb yjiynujeHHyio OMSHKy Kanana. Korfla OMeHKa Kanana 
ynyHiuaeTCfl, CKopocTb MO>KeT 6biTbyBenMHeHa. 

<t»Mr. 1 4B MJiJiKiCTpMpyeT npoqecc ynpasneHHa CKopocTbio nepeflaHM BOCxoflflLneii nnHMH flna 
nonbsoBarenbCKoro repMUHajia. Flocne nnaHwpoBaHUfl nepeflann Bocxofls^mepi nnHwn 
nonbsoBaiejibCKUM repMUHan nepeflaer FIBfl RCH, KoropbiPi BKmoHaer b ce6fl aranoH, 
kicnonbsyeMbm nyHKTOM flocryna fljin Haxo>KfleHMn MaKCMMaribHOM CKOpociM b BOCxoflai^eM 
nnHi/iM. rijiaHwpoBiflHK aarew Mcnonbsyer MaKcmvianbHbie CKopocrn, Koropbie Bocxoflflinaa jimhua 
MOJKST noflflepjKHBarb flnn Ka>Kfloro aKTMBHOro nonbaoBaTenbCKOro repwiMHana, HTo6bi 
nnaniipoBaTb nepeflany flaHHbix BOCxofln^eH huhhi/i b nocneflyioinMx KaflpaxflBP. Ckopoctm m 
flpyran MHC|30pMaLfMfl HasHaHeHi/ia Kanajia flnn nojibSOBarenbCKOro repMi/inana CTpa}KaeTCsq b 
MHci)opMaL(MOHHOM 3neMeHTe, nocnaHHOM no Kanany FCCH. Mi/iHMManbHan aaflepma Me)Kfly 
Haxo>KfleHHeM CKOpocTM nyHKTOM flocryna i/i ee MCnonb30BaHneM pasna npM6nH3iiTenbH0 
^ OflHOMy Kaflpy flBP. 

3. VnpaBneHne MOinHOCibto 

ynpaeneHne MOii^HOCTbK) mokst MCnonbSOBaTbCfl fln?i nepeflan b BOCxoflaineM nnHMki no 
Kanany RCH (BiviecTO ynpaeneHMa CKOpocTbK)) flna ycnyr c cjDMKCMpCBaHHOii CKOpocTbKJ, flnn 
ycnyr c cpuKCMpoeaHHOM CKOpocTbio CKOpocTb nepeflaHM comacyeTCn npM yCTaHOeneHMM BbisoBa 
M ocTaeicn cj:MKCMpCBaHHOM e reneHMe flJiMTenbHOCiM coeflMHehMn. HeKOropbie ycnyrM c 

CflMKCMpOBaHHOM CKOpOCTbK) MOiyT aCCOLfHMpOBaTbCSR C Tpe60BaHMeM OrpaHMHeHHOM 

noflBM>KHOCTM. B sapMaHTe ocyLflecTBneHMn ynpasnenMe MOiflHOCTbKD pea/iMSyeTCn flna 
BOCxoflnLAeM nMHMM flnn npOTMBOflekiCTSMn nOMexaM Me>Kfly nonbSOBarenbCKMMM repMiiHanaMii, 
HO He iicnonb3yeTca pf\i\ HiicxoflaifleM hmhmm. 

45 MexaHMSM ynpaBneHiin MOiflHOcrbio Mcnojibsyercn flnn ynpaBneHiin MOiflHOcrbio nepeflami 
BocxoflaineiS nMHHM Ka>Kfloro aKTHBHoro nonbsoBarenbCKoro repMMHana, raK mto oiHomeHMe 
C/LLI flna npMHfljoro CMrnana b nyHKre flOCTyna noflflep>KMBaeTCfl na ypoene, KCropbiii 
oSecneMMBaer >KenaTenbHoe KaMecTso ycnyrM. 3tqt yposenb Macro HasbiBaiOT L(eneBbiM 
CTHOiueHMeM C/LLI flna npMHaroro CHmana, pa6oHeM tohkom Mnii ycraBKOM. flna Mo6MnbHCro 

50 nonbsoBarenbCKoro repMMHana norepw pacnpocrpanenMa Syflyr, Bepoarno, MSMenarbca no 
Mepe nepeMeineHMn STOrc nonb30BarenbCKOro repMMHana. MexanMSM ynpaBneHWH MOinHOcrbto 
OTcne>KMBaeT MSMeneHiia b Kanane, raK nro ornoiueHHe C/lil b npMHMMaeMOM cMrnane 
noflflep>KMBaerca bGhmsm ycraBKM. 
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MexaHM3M ynpaBfieHna MoiUHocTbKj Mo>KeT 6biTb peannaoBaH flByiuin KOHiypaMM ynpaBJieHMfl 
MOLUHocTbK)- BHyrpeHHMM KOHTypoM M BHeiiiHMM KOHTypoM. BHyTpeHHMM KOHTyp peryjiMpyeT 
MOLUHocTb nepeAaHi/i nonbaoBareJibCKoro repivii/iHana xaK, hto OTHotueHne C/LU flna 
npMHMMaeMoro cumana b nyHKreflocryna noflflep}KHBaeTCfl B6nM3M ycrasKM. BHeiiiHHM KOHiyp 
5 peryjinpyer ycraBKy flnq peanwsamiM KOHKperHoro ypoBHfl tfyHKLiMOHMpoBaHMfl, kotophm Mo>KeT 

6blTb Bbipa)KeH KOnHHeCTBeHHO nOCpeflCTBOM KOHKpeTHOfi CKOPOCTM KaflpOBblX Olim60K (CKaflpO) 

(FER) (HanpMMep, 1% CKaApO), ckopocth naKSTHbix oiui/i6ok (CFIO), ckopoctm 6noKOBbix 
oium6ok (CBO) (BLER), ckopoctm oiui/i6ok coo6ineHHM (COM) (MER) wnw KaK0M-Hii6yflb mhom 
MepoM. 

ct>Hr. 1 5 MnjiK>cTpMpyeT pa6oTy BHyrpeHHero ynpaBJieHMa MoinHocTbK) fl/in nonbaoBarenbCKoro 
repMMHana. riocne roro ksk nonbsoBaTejibCKOMy repMHHa/iy HaaHaneH Kanan FCH/RCH, nyHKT 
flocryna OLieHMBaer oTHoiueHwe C/LU flnn npHHaroro CMrHana b Kanane RCH m cpaBHi/iBaer ero c 
ycraBKOM. HananbHan MOinHOCTb, noAne>KaL4afl McnonbsoBaHMKi nojibaoBarenbCKMM 
TepMMHanoM, mokst 5biTb HaHfleHa npw ycraHOBneHi/in Bbiaoaa m oSbNHO neJKWT b6jim3m ypoBHn 
MaKcmvianbHofi moluhoctm nepeflBHu. flnji Ka>Kfloro KaflpoBoro MHrepBa/ia, ecnw oiHOiijeHMe C/UJ 
flnn npuHHToro cumana npeBbiujaei ycraBicy Ha KOHKpeTHbiM nono>KMTenbHbiM aanac & nyHKT 
flocryna MO>KeT yKaaaib nonbsoBaTenbOKOMy repMnnany CHMamb ero MOinHOCTb nepeAaHn na 
KOHKpeTHyK) BeJii/iHHHy (k npHMepy, 1 a^) b nHct^opMaLiHOHHOM anewieHTe FCCH, nocnanHOM 
3T0My nojibsoBaTenbCKOMy TepMMHany. Hao6opoT, ecnii OTHOLueHne C/UJ a^^ npHHaioro 
2Q CMrHana HM>Ke, neM nopor wwHyc aanac 5, nyHKT Aocryna mokst yKasaib nonbsoBaTenbCKOMy 
lepMMHany yBenwHi/iTb MoinHocTb nepeASHM na KONKpeiHyio BenMHMHy. Ecnw oiHOLueHMe C/LU 
Ana npMHaroro CMrnana HaxoAMTCfl b npMeivineMbix npeAenax yciasKM, nyhKi flociyna ne SyAei 
aanpaLUMBaxb naMeHeHUfl b moluhogtm nepeflaHM nonbaosarenbCKHM lepiviMHanoM. MoiAHOCTb 
nepeAaHM BOCxoA^iiMeM nMHMM saAaeica kbk ypoeeHb HananbHOM moi^hoctm nepeAann nnioc 
cyMMa Bcex perynnpoBOK moluhoctm, npMHATbix or nyHKra AOcryna. 

HaHanbHaa ycraeKa b nyhKie AOcryna ycTaHaeniiBaeTcn, MTo6bi AOCTMHb KOHKpeTHoro 
ypoBHfl ctayHKqMOHMpoBaHMJi. Ora ycraBKa perynMpyercfl BHeiuHMM KOHiypoM na ocHOBaHMw 
CKaApO Mnn CFIO pj\^ RCH. K npMwiepy, ecnn sa KOHKpeiHbiM BpeMehHofi nepwoA He 
npoMCxoAMT KaAPOBbix/naKeTHbix olum6ok, ycraBKa MOJKei 6biTb CHM>KeHa na nepByro BennnnHy 
(HanpMMep, 0, 1 aB). Ecnn cpeAHJia CKaApO npeBbiiuaeTcn nonsneHMeM oahom mjim 6onee 
KaAPOBbix/naKeiHbix oiijm6ok, ycraeKa MO>KeT 6biTb yeenMHena Ha Bropyro BenMHMHy (nanpMiviep, 
1 aB). YcraBKa, aanac no mcrepesMcy m paGora sHeiuHero Konrypa coorBercrByer 
KOHKpeTHOM cxewie ynpaBneHMq MOiAHOcrbio, McnonbsyeiviOM e cwcreMe. 

4. VnpaBneHMe cnHxpoHMaai^Meii 

YnpasneHMe CMHxpoHnaanMeM MO>KeT 6biTb no npenMymecTBy McnonbaoBano b ocHOBaHHoii 
^ na flBP crpyKType Kaflpoe, rAe HMCxoAflinaa nuniia m BOCxoAainaa hmhhs coBMecTHO Mcnonbayroi 
OAHy m ly HacTOTHyio nonocy nyreM AynneKCMpoeaHMa c BpeivieHHbiM pasAenehMeM. 
rionbaoBaTenbCKMe repiviMHanbi wioryT pacno/iararbCH nOBCiOAy b cucjeMe h, reivi caivibiM, MOryi 
accoqMMpoBaibcyi c paanMHHbiMM saAepmawM pacnpocrpaneHMJi k nynKxy AOcryna. flna loro 
>HTo6bi MaKCMMM3Mp0BaTb3Ct]c|]eKrMBH0CTb B BOCxOAnLAeM nMHHH, ciiHxp0Hii3ai4kiH nepeAaHM 
BOCxoAsineM nnHMM no Kananawi RCH m RACH or KajKAoro nonbsoearenbCKoro repMnnana 
MOJKer perynMpOBaTbOH, HTo6bi yHMibiBarb aaflep^Ky pacnpocrpaHeHMH. 3to SyAer aarewi 
rapaHTMpoBarb, hto nepeAaHM BOCxoAniAefi nnHMw or paanMHHbix nonbsosarenbCKMx 
repMMHanOB nocrynaKiT b nyHKie AOcryna b KOHKpeiHOM BpeivieHHOM OKne m hs cosAaroT noiviex 
Apyr APyry B BOCxoAaii^eM nMHMM nM6o nepeAasaM HMCxoAaineM nMHMM. 

<X>v\Y. 1 6 HnniocTpMpyeT npoiiecc perynwpOBKM Ana ci/iHxpOHM3aL4HM BOCxOAaineH jihhmm 
nonb30BaTenbCKCro repMnnana. riepBOHaHajibHO nonb30BaTejibCKMM TepMHHan nocbinaeT flBfl 
RACH no BCCxOAaineM jihhmm, HTo6bi nojiyHMTb Aocryn KCMCieivie. FlyNKT Aociyna nonynaeT 
HanajibHyK) oqeHKy 3aflep>KKH nOATBepjKAenMH npMeMa (3nn) (RTD), CBa3aHH0M c 
nonb30BaTejibCKWM repwiwHanOM. 3aAep>KKa nOATBep>KAeHMa npMeivia MOJKer OLieHMBarbCH na 
50 ocHOBaHMH (1 ) CKOnb3HiAero KOppenHTOpa, Hcnonbayeivioro b nyHKie AOcryna Ana onpSAeneHMfl 
Hanana nepeAanw, m (2) Hfl BpewieHHOro HHiepBana, BKnWHeHHOro b flBfl RACH, nocnaHHbiM 
nonbSOBarenbCKMM repwiwHanOM. riyHKT AOcryna aarSM BbiHHCnaeT HananbHoe onepejKeHMe 
CMHxpOHMsaMMM An» nonbSOBarenbCKOro repMMHana na ocnOBaHMn nananbHOM 0i4eHKM 3nn. 
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HaManbHoe onepe>KeHMe CMHxpoHM3aqnn nocbinaerca Ha nonbsoBarenbCKHM repMHHan nepefl 
ero nepeflaMeM no Kanany RCH. HaManbHoe onepe>KeHMe cnHxpoHMsannM ivio>KeT 6biTb nocnaHo 
B coo6L4eHHM no Kanany FCH, b none MHcfiopMaL^HOHHoro aneMeHTa Kanana FCCH mjih mhbim 
o6pa30M. 

5 rionbaoBaTenbCKMM repMUHan npuHMMaer Ha^anbHoe onepe>KeHMe cHHxpoHnaaLiiiii or nyHicra 
flocryna m nocne aioro Mcnojibsyer 3to onepe>KeHMe cnHxpoHHsauiiiM Ha Bcex nocneflyioinMx 
nepeflaMax BocxoflniMeM hmhiih kbk b Kanane RCH, raK m b Kanane RACH. Ecrm 
nonbsoBarenbCKOMy TepMMHany HasHa^aiOTCfl pecypcbi FCH/RCH, ero onepe>KeHi/ie 
CMHxpoHMsaLiMM MO>KeT peryfiMpoBaTbCfl KOMaHflaMM, nocnaHHbiMw nynKTOM flocryna b none 
PerynnpoBKa CHHxpoHMsai^MM RCH MHct)opMai4MOHHoro aneMeHra Kanana FCCH. 
nonbsoBaTejibCKHfi repn/iMHaji 6yfleT nocjie 3Toro perynHposaTb cboh nepeflaHw Bocxoflfunew 
riMHi/iM no KanaJiy RCH Ha ocHOBaHnn reKymero onepe>KeHiifl cHHxpoHi/iaaMMM, KOTopoe pasHo 
HanajibHOMy onepe>KeHM(o CMHxpoHH3aL|MM nnwc see peryjinpoBKH cnHxpoHi/iaaqm/i, noc/iaHHbie 
nyHKTOM flociyna noJibsoBaTenbCKOMy repMMHany. 

PaariHHHbie Mac™ CMcreivibi BJIBC MBxMBbix n paannHHbie Meroflbi, onncaHHbie SASCb, Moryr 
6biTb BonnomeHbi paammnbiMn cpeflCTBaMn. Hanpmviep, o6pa6oTKa b nyHKie flocryna m 
nonb30BaTejibCKOM repMUHane mokst Bonnou^aTbCfl b annapajHOM o6ecneHeHMM, nporpaiviMHOM 
o6ecneMeHMM mjim mx co4eTaHMi/i. fljip annapaxHoro BonnomeHMq o6pa6oTKa Mo>KeT 6biTb 
peannaoBaha na oahoh wjim 6ojiee MHierpa/ibHbix cxeiwiax npnioiaAHOH opMeHTaL;i/iM (ASIC), 

^ MMC|3poBbix cwrHanbHbix npoMeccopax (DSP), Mn^poBbix cumajibHbix npoMeccopHbix 

ycTpoMCTBax (DSPD), nporpaMMwpyewbix nori/iHecKuxycrpoMCTBax (PLD), nporpaMMi/ipyeMbix 
nonbsoBaTejieM BeHTMJibHbixMaTpMMax(FPGA), npoL\eccopax, KOHrponnepax, 
MHKpoKOHTponnepax, MUKponpoqeccopax, flpyrMX3neKTpoHHbix5noKax, paapaGoTaHNbixflnfl 
BbinonheHMfl onucaHHbix sflecb ct^ynKquPi, mjim mx coHeTaHMn. 

fljifl nporpaMMHoro BonjiomeHnyi o6pa6oTKa MOKer 5biTb peanMSOBana MOflynaMU 
(nanpuMep, npoqeAypaMM, cftyHKL^MflMM v\ T.p,.), KOTopbie BbinonhniOT onucaHHbie 3Aecb ct)yHKmiM. 
riporpaMMHbie koah Moryr coxpanRTbCfl b aanoMMnaioi^eivi 6noKe (k npurviepy, naMsq™ 732 iinn 
782 Ha c|3nr.7) m BbinonhflTbcn npoqeccopoM (k npumepy KOHTponnepoM 730 v\m 780). 
SanOMMHaiOLi^kiM 6nOK MO^er 6biTb peajii/isoBah sHyTpi/i npOLjeccopa vinv\ sne npoqeccopa, m b 
3T0M cjiynae oh tAomsT KOMMyHi/iKaTHBHO coeAMHnTbcn c npoi^eccopoM Hepea paajiiiHHbie 

^'^ CpeflCTSa, KSK HSBeCTHO B TeXHMKe. 

SarojiOBKi/i BKJiKDHeHbi clOfla ajia ccbinKH n p,nf\ npocTOTbi onpeAeneHun MecroHaxoKAeHMfl 
neKOTOpbix pasAenOB. 3tii aaronOBKi/i ne npeAHasHaHeHbi orpaHMHeHkin od-beivia onucaNHbix 
B HHx KOHMenMMM, a 3th KOHL;enL^MM Moryr nMeib npi/iMeneHi/ie b APyrux pasAenax oniicaHMfl. 

npeALuecTByiOLAee onMcaHkie pacKpbirbix BapkiaHTOB ocyu^ecrBneHiifl npeAHasHaneHO a^^ 
^ o6ecneHeHMyi bo3mo>khoctm cneL^uanMCTy peajinsosaTb v\m McnonbsoBaTb HacTOflu^ee 
M3o6peTeHMe. PaaxiMHHbie MOAncpHKai^nn srnxeapMaHTOB ocyLnecTBJieHun Aon>KHbi 6biTb 
noHflTHbi cneqMariMCTaM b AaHHOfi o6nacTn rexHUKu, a ocHOBHbie onpeAeneHHbie 3Aecb 
npMHL;Mnbi MOryx npuMenaTbca b Apyrux eapnaHTaivi ocymecTsneHUH 6e3 orxOAa ot cyiAHOc™ m 
o6"beMa M3o6peTeHMa, TaKHivi o6pa30M, HacTOninee M3o6peTeHne ne npeAHasHaHehO AJin 
orpaHMHeHMH nOKa3aHHbiMM SASCb BapnahTaivin ocyiAecTBneHun, ho AOn>KHO cooTBeTCTBOaaTb 
caMOMy LUHpOKOMy od-beiviy, comacyiOLi^eMycfl c pacKpbiTbiMki npHHi^i^naiviM n HOBbiMM 
npkiSHaKaMM. 

(DopMyna ii3o6peTeHi/in 
4s 1 . Cnoco6 nepeAaHM MHCjsopMaLfiiki ci/irHanM3aL\i/iii b cucreMe 6ecnpOBOAHOM cbasm c 

MH0>KeCTB0M BXOAOB M MHO}KeCTBOM BblXOAOB (Ml MO), COAepXOLMMM HepeAaHy l/IHCt^OpMai^HH 

CMrHanM3aL|iiM Ann nepBOro Ha6opa m3, no MeHbtuefi wiepe, oahoto nonbSOBarenbCKOro 
TepMMHana c nepBOM cKopocTbio nepeAaMM no nepBOMy noAKanariy npAMoro Kanana 
ynpaBJiehna; v\ nepeAany nHClDOpManHH CMrHann3ai4mi Ann BTOporo Ha6opa m3, no ivieHbLueii 
50 Mepe, OAHoro noJibsoBaTenbCKoro repMHwana co btopom CKopocxbio nepeAaMM no BTopoMy 

nOAKanany npnivioro Kanana ynpasneHun, npuneivi BTCpan CKOpocTb nepeAanki Bbime, neivi nepean 
CKopocTb nepeAaHM, npw 3tom BTopow noAKanan nepeflarar nocne nepBoro noAKanana. 

2. Cnoco6 no n.1 , AononHMTexibHo coAep}KaLi^i/iM nepeAany MHct)opMaLfMM cMrHanMsaqMM p,nf\ 
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TpeTbero HaSopa m3, no wieHbiueM Mepe, oflHoro nonbaoBarenbCKoro repMHHana crpeTbePi 
CKopocTbKj nepeflaMM no rperbeMy noflKaHany npaMoro Kanana ynpaBneHWfl, npHMeivi rpeiba 
CKopocTb nepefla^M Bbiiue, 4eM sropan CKopocTb nepeflaHii, npn stom tpothm noflKaHan 
nepeflawT nocne eroporo noflKaHana. 
5 3. Cnoco6 no n.1 , b kotopom nepebiM noflKaHan yKasbiBaer, nepeflaioT jim btopom noflKanan 
B TeicymeM Kaflpe. 

4. VcTpoMCTBo nepefla^M b cMcreMe SecnpoBOflHoCi cbasm c MHo>KecTBOM bxoaob m 
MH0>KecTB0M BbixoflOB (Ml MO), coflep>Kainee: 

npoLieccop flaHHbix nepeflaHw, npeflHasHaHeHHbifi flnq o6pa6oTKM MHct)opMaLiMM 
cMrHarmaaLiMM flnn nepsoro Ha6opa m, no MeHbiueM wiepe, oflHoro nonbaoBaienbCKoro 
repwuHana Ha ocHOBe nepBOw CKopocri/i nepeflanH, h 

o6pa6oTKM MHcj3opMaL(MM cHrHanM3ai4HM flna BToporo Ha6opa m3, no wieHbiueM wiepe, oflHoro 
nonb30BaTenbCKoro repMUHajia Ha ocHoee BTopoii CKopocTM nepeflaHn, Koropayi Bbime, neivi 
nepsaa CKopocTb nepeflaMn; n 

nepeflaioinHH 6noK, npeflnaaHaHeHHbM flnn 

nepeflaMM o6pa6oTaHHOM nHctJopMai-iMM nnaHwpoBaHUflflna nepsoro HaSopa 
nonb30BaTejibCKMx TepMMHanoB no nepBOMy noflKaHany npaMoro Kanana ynpasneHmq, m 

nepeflaMM o6pa6oTaHHOM MHct^opMai^Mi/i nnaHiipoBaHM$i fljiq BToporo Ha6opa 
nonb30BaTejibCKMx TepMMHanoB no BTopoMy noflKanajiy npnMoro Kanana ynpasneHHfl, npn^eivi 
^ BTopoti nofliOHan nepeflaercn nocne nepsoro nofliOHana. 

5. VcTpofiCTBO no n.4, b KOTopoM npoqeccop flaHHbix nepeflani/i flononHHTe/ibHO 
o6ecneHMBaeT o6pa6oTKy wHcjjopMaMMH 0MrHajiH3aL;Mi/i flnjq ipeTbero Ha6opa m3, no ivieHbLuefi 
Mepe, OflHoro nonbsoBarenbCKoro repMUHajia na ocHOse rpeibeM CKopoc™ nepeflanH, Koropan 
BbiLue, HeM BTopaa CKopocTb nepeflaHM, npH^eivi nepeflatomuM 5jiOKflononHMTenbHO 
o6ecneHMBaeT nepeflany o6pa6oTaHHOM MH(tiopMaL\MM curHanMaai^Mn flna Tpexbero Ha5opa 
nonbsoBarenbCKnx repMUHanoB no rpeibeMy noflKanany npsMoro Kanana ynpaBneni/ifl, npMHeM 
ipeTHM noflKaHan nepeflaerca nocne BToporo noflKanana. 

6. YcTpotiCTBO no n.4, b KoropoM nepsbiPi noflKanan yKasbisaer, nepeflaeicfl nv\ BTopoPi 
noflKanan b reKyifleM Kaflpe. 

7. VcTpofiCTBO nepeflaHM b CMcreMe 6ecnpoBOflHOH csnsM c MH0>KecTB0M 
^'^ BxoflOB M MH0}KecTB0M BbixoflOB (Ml MO), C0flep}KaLflee: 

cpeflCTBOflnn nepeflaHM HHcfiopMai^MH CMrnanMaai^MM flnn nepsoro Ha6opa m3, no wieHbiueM 
Mepe, OflHOro nonbSOBarenbCKOro repMiiHana c nepBOM CKOpocTbio nepeflaHM no nepBOiviy 
noflKanany npnMoro Kanana ynpasnenMJi; m 

cpeflCTBO flnn nepeflaHM HHC|30pMaLiMM CMrHanMsanMH flna BTCporo Ha6opa m3, no MeHbiueM 
^ Mepe, oflHoro nonbsosarenbCKoro repwuHana co BTopoPi CKopocxbK) nepeflaHM no BiopoMy 

noflKanany npsMOro Kanana ynpaenenMa, npMneivi eropaa CKOpocTb nepeflann Bbime, hsm nepBaa 
CKOpocTb nepeflaHH, npM 3tom BTOpOM noflKanan nepeflaercn nocne nepeoro noflKaHana. 

8. VcTpOHCTBO no n.7, flononHMjenbHC coflep>Kainee cpeflCTBO flnn nepeflann nHCt:opMaL;MM 
CMrnanM3aL|MM flna Tpeibero Ha6opa m3, no MeHbiueM Mepe, OflHOro nonbaoBarenbCKOro 
repMnnana c TpeibeM CKOpocTbio nepeflann no rperbeMy noflKanany npAMOro Kanana 
ynpaBnenMfl, npMneM rperbn CKOpocib nepeflaHM Bbime, neM eropan CKOpocrb nepeflaHM, npM 
3T0M TperMM noflKanan nepeflaercn nocne eroporo noflKanana. 

9. VcrpOMCTBO no n.7, b KOropOM nepBbiM noflKanan yKasbiBaer, nepeflaercn nii eropOM 
noflKanan b leKyifleM Kaflpe. 

4s 10. Cnoco6 npMeivia Mnc|30pMaL\MM CkirnanMaaqiiM b nonbSOBarenbCKOM repMMnane b CMCreMe 

6eCnp0B0flH0M CBq3M CMH0>KeCrB0M BXOflOB M MH0}KeCrB0M BbixoflOB (MIMO), COflep}KaiflMM 

npMeM kinc):opMaL(MH CHrnanM3aL|MM, nocnanHOM c nepBOPi CKOpocrbK) no nepBOMy noflKanany 
npaMoro Kanana ynpasnenMn; m ecnu nHctJopMai^MFi cMrnannaai-iMM flna nonbsoBarenbCKoro 
repMnnana ne nonynena m3 nepBOro noflKanana, npMeM MncfsopMai^MM CMrnanMsaqMH, nocnannOM 
50 CO BropoM GKopocTbK) no BropoMy noflKanany npnMoro Kanana ynpasneHMn, npMHew Biopafi 
CKOpocrb nepeflaHM Bbiiue, neM nepsaa CKOpocrb nepeflaHM, npw arowi eropoii noflKanan 
nocbinaercn nocne nepBoro noflKanana. 

11. Cnoco6 no n.10, b KoropoM, ecnM MnctiiopMai^Mfi cMrnanMsaLfMM p,na nonbsoaarenbCKoro 
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TepMMHana He nonyMeHa m3 BToporo noflKBHana, npHHMMaroT MHc|3opMaL(MK3 CMmannaai-iiiM, 
nocJiaHHyK) c rpeTbew CKopocTbHD no ipeibeMy noflKaHany npaMoro Kanaria ynpaBneHMa, npMMeM 
TpeTbfl cKopocTb nepeflaHM Bbiiue, ^eiui BTopan CKopocxb nepeAa^M, npM 3tom rperMM noflKanan 
nocbinaeTCfl nocne BToporo noflKaHana. 

12. Cnoco5 no n.10, flonoJiHMTenbHo coflepjKaiUHW npeKpameHwe o6pa6oTKM npflMoro Kanana 
ynpaBneHMa npM o6Hapy>KeHHM c6ofl fleKOflMposaHMfl flnq noflKanana npaworo Kanana 
ynpasneHHsq. 

13. VcTpoMCTBo npiieivia b cMcreMe BecnpoBOflHow CBnai/i c MHO)KecTBOM BxoflOB m 
MHo>KecTBOM BbixoAOB (MIMO), coAep>KaiAee: npoMeccop ashhnx npiieivia, npeAHasHaMeHHbiM 
Ana npMeMa MHctJopMannn curHaJii/iaanMw, nocnaHHOM c nepaoM CKopocibio nepeAa'-iw no 
nepBOMy noflKaHany npaivioro Kanana ynpaeneHkifl, i/i ecnw HHc|DopMaL|Hfl CHrHanM3aL|Hn fljia 
ycTpoMCTBa He nonyMena m3 nepeoro noflKaHana, npiieMa MHctJopMannn cMrHanM3aL|MM, 
nocjiaHHoPi co BiopoPi CKopocibK) no BiopoMy noflKanany npaMoro Kanana ynpasneHi/ifl, npMHeM 
BTopan CKopocTb nepeflaMM Bbime, mbm nepsaa cKopocTb nepeASMn, npi/i 3tom btopom noAKanan 
nocbinaeTcn nocne nepBoro noflKanana; h KOHiponnep, npeflHasHaHeHMbiPiflnfl ynpasneHMfl 
o6pa6oTKOM flna nepBoro m BToporo noAKaHanoB. 

14. ycTpoMCTBono n.13, b KOTopoM npoMSCcop AaHHbix npneivia AononHHTenbHO 
o6ecnemiBaeT, ecJin MHctJopMaiiMfl ci/imanHsaLii/iH flna ycTpoMCTsa He nony*^eHa m BToporo 
noflKanana, npneivi HHc|3opMaL;MM curHajii/iaaMMii, nocnaHHofi c TpeibeH CKopocTbio no rpeTbeiviy 
noflKanany npyiMoro KaHana ynpaBJieni/iJi, npi/ineM rperbfl CKopocTb nepefla4M Bbiiue, Hew BTopaa 
CKopocTb nepeflaHM, npi/i otom TpernH noflKaHan nocbmaercfl nocne BToporo noflKanana. 

1 5. YcTpokicTBO no n. 1 3, B KOTopoM Konrponnep flononHnrenbHO oGecneHMBaer npeKpameHne 
o6pa6oTKH npflMoro Kanana ynpaBneHna npw o6Hapy>KeHHH c6ofl fleKOflMpoBanHa flnn 
noflKanana npnMoro Kanana ynpaeneHUfl. 

16. VcTpoMCTBO npneivia b CMCTewe SecnpOBOflnoPi osnaM c Mno>KecTBOM bxoaob m 
Mno>KeoTBOM BbixoflOB (MIMO), ooflep}Kaii^ee: 

cpeflCTBO flna npneivia nHctDopMaiJ,nH CMrnanHaauiuM, nocnannoPi c nepsoH CKopocTbio 
nepeflaMM no nepBOMy noflKanany npaMoro Kanana ynpaBnenna; m 

CpeflCTBO Ann npneivia iiHC|30pMaL^i/iii ciirHani/iaaqMi/i, nocnaHHOM co eropoki CKOpocrbio no 
BTopoMy noflKanany npaworo Kanana ynpaBneni/in, ecnn mdpopMaum curHannsaMUM pf\f\ 
yCTpOMCTBa HO nonyneHa us nepeoro noflKanana, npHHOM Biopaa CKOpocib nepeflann Bbiuje, 
Hew nepsaji CKopocrb nepeflani/i, npH stom btopom noflKanan nocbinaerca nocne nepBoro 
noflKanana. 

17. VcTpoMCTBO no n,16, flononnnrenbHO coflep>KaiAee cpeflCTBO flna npusMa unctJopMaMMn 
CMrHanM3aL|iiM, nccnanHOM c TpeibeM CKOpocTbio no Tpexbeiviy noflKaHany npHMOro Kanana 
ynpaBnennfl, ecnw Mn4)opMannfi CMrnanM3ai4Mn flnjq ycipoMCTBa ne nonyHsna m BToporo 
noflKanana, npuneivi rpexba CKOpocTb nepeflanki ebiiue, neivi BTOpan CKOpocTb nepeflaHU, npH 
3T0M TpeTHM nOAKanan nocbmaeTCa nocne BTOporo nOAKanana. 

18. YCTpOkiCTBO no n.16, flononnnrenbHO coflep>KaiAee cpeflCTsoflnn npeKpaifleHMn 
o6pa6oTKii npnMOro Kanana ynpaBneni/ia npM o6Hapy>Keniiii c6on fleKOflnpOBaniin flna 
noflKanana npnMOro Kanana ynpaenenMn. 
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arriiy weight sets for use in the mulliplc-antcnna transmitter arc then transmitted. 
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METHOD AND SYSTEM IN A TRANSCEIVER FOR CONTROLLING A 
MULTIPLE-INPUT, MULTIPLE-OUTPUT COMMUNICATIONS 
CHANNEL 



Field of the Invention 

The present invention is related in general to 
communication systems, and more particularly to a method and 
system for controlling the transmitting and receiving of multiple data 
streams in a multiple-input, multiple-output communications 
channel. 

Background of the Invention 

Communication system designers are always looking for 
ways to increase the capacity of a communications channel between a 
transmitter and receiver. A communications channel may be defined 
as a system that transmits a sequence of symbols from one point to 
another. For example, a cellular communications system includes a 
channel for wirelessly transmitting a sequence of symbols that 
represent voice or data, back and forth between the telephone system 
and subscriber unit. An increase in the capacity of this channel 
means an increase in the rate of transmitting symbols. And when 
more symbols are transmitted in the same amount of time, voice can 
sound better, and it may take less time to transfer data files. 

To increase the capacity of a wireless communications channel, 
antenna arrays have been used at the transmitter to better focus the 
transmitted energy at the receiver. An antenna array is a group of 
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spaced apart antennas that each transmit an antenna signal that has 
a specific gain and phase relationship with the other antenna signals. 
When the antennas work together transmitting the antenna signals, 
they produce an antenna pattern that is more focused on the receiver 
than a pattern produced by a single antenna. Note that the process of 
changing the gain and phase of a signal to produce antenna signals 
may be referred to as "weighting" the signal using a set of "antenna 
array weights." 

Because antenna arrays may similarly be used at a receiver to 
improve signal quality, use of antenna arrays at both the transmitter 
and receiver has also been proposed to increase channel capacity. 
When multiple antennas are used at the transmitter and receiver, the 
wireless channel between them may be referred to as a multiple-input, 
multiple-output (MIMO) channel. 

Fig. 1 shows a high-level schematic diagram of a 
communications channel, wherein a portion of the communications 
channel is wireless. As shown, x represents user data that will be 
wirelessly transmitted to the receiver. At the receiver, x is represented 
as an estimate of the data, x . User data x may be split to produce a 
vector that represents multiple data streams, xi, X2, ... 

User data x is processed by matrix V to produce adaptive array 
antenna signals z. Each column of matrix V is a vector containing an 
antenna array weight set used to transmit one of the data streams xi. 
Signals z are transmitted from antenna elements of the antenna array, 
through the air, and received at the receiver antenna array as received 
antenna signals r. The air interface between antenna signals z and 
received antenna signals r includes matrix H, which describes the 
effects of the air interface on signals z. The air interface is also 
described by the addition of noise n to signals z. 
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Received antenna signals r are processed in the receiver by 
matrix U' to produce the estimate of data, x . 

With reference now to Fig. 2, there is depicted a two-input, two- 
output MIMO antenna array system. This MIMO system may be used 
to simultaneously transmit two different data streams, x, and Xj, to a. 
single subscriber lonit through a "composite channel" H, defined by 
the matrix 




where A^. , i = 1,2, j = 1,2 are complex channel values. Note that the 
term "composite channel" as used herein refers to a complete 
measurement or description of a channel, wherein the effects of all 
combinations of transmit antennas and receive antennas are 
considered. The composite channel may be thought of as the 
aggregation of all channels between pairs of single antennas, defined 
by all pair-wise combinations of transmit and receive antennas. 

When a flat Rayleigh fading channel is assumed, hg are 

complex-valued Gaussian numbers with imity average power, 

^KAjJ=1- The received (baseband) vector r (see FIG. 1) can be 
written as follows 

r = Hx+n 

where x^[x, xj^ is the vector of transmitted data streams, and n is 
a vector of noise samples, with additive white Gaussian noise with 
variance cr^ . 
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Note that in a noise free channel, both streams can be recovered 
perfectly if channel matrix H is full rank. That is, two equations and 
two unknowns can be solved to recover the unknowns x ~ [x^ Xj J . 
When X = H"^r , both data streams can be recovered and link, or 
channel, capacity can be doubled. For example, a linear architecture 
may use zero forcing receivers to multiply the received vector r, with 
H"' , This works well with a high signal-to-noise ratio (SNR), but with 
a low SNR it boosts noise, which is not desirable. 

In another linear receiver architecture, a Minimum Mean 
Square Error (MMSE) receiver may be used to minimize the average 
difference between detected data streams and the received signal. 

While linear and non-linear receiver architectures can both be 
implemented to detect the multiple streams in noisy channels, in 
practical applications, noise in the channel will often require the use 
of non-linear receivers, which are more complicated and expensive to 
build. Examples of non-linear receivers with improved performance 
are Serial-Interference- Cancellation (SIC) receivers and a Maximum 
Likelihood (ML) receivers. Because of their complexity and cost, non- 
linear receivers should be avoided if possible. 

Theoretical MIMO Capacity: 

The capacity of a MIMO system may be shown with the following 
analysis. Suppose the Singular Value Decomposition (SVD) of the 
channel matrbc H is given by 

H = USV' (1) 



where S is a diagonal matrix composed of the singular values (i.e., the 
square-roots of eigenvalues of H' H or HH' ), U is an orthogonal matrix 
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with column vectors equal to the eigenvectors of HH', V is an 
orthogonal matrix with columns equal to the eigenvectors of H'H, and 
the "'" operator is the complex conjugate transpose operation. As an 
example, consider the following composite channel matrix 



The SVD of this composite channel is 



(1.1) 



Referring to Fig. 1, the transmit vector is 

z = Vx (2) 
Thus, the received vector is 

r = Hz + ii (3} 
Replacing H and z with (1) and (2), we get 

r = USV'Vx + D = USx + ii (4) 

where, since V is an orthonormal matrix, VV is replaced with 
identity. Next, the received vector is pre-multiplied with U' : 



x = U'USx + U'ii 
= Sx+e 



Again, since U is an orthonormal matrix, U'U is replaced with 
identity. Note that the new noise vector, e, has the same covariance 
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matrix as n, because pre-multiplication with an orthonoimal matrix 
does not alter the noise covariance. 

If equation (5) is rewritten for the case of 2 transmit antennas, 
and 2 receive antennas it becomes: 

where are the channel matrix eigenvalues. 

The error free channel capacity based on the Shannon bound is 
well known, and is given by 

C, = log; (l + p) bits/symbol (7) 

where p is the channel SNR. From (5) and (6), note that the MIMO 
channel capacity based on the Shannon bound is the sum of the 
capacities per data stream: 



= = bits/symbol 
w ,-1 \ M J 



(8) 



where M is the minimum number of antennas at either the 

transmitter or the receiver. For the 2 transmit antenna, 2 receive 
antenna example, M=2. It is important to note that in (8), the total 
transmit power has been normalized such that it remains the same for 
any number of transmit antennas. The ratio p/M ensures equal 
power transmitted on all antennas, and it maintains the same total 
power for all values of M. 
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In general, equal power transmission of (8) is sub-optimal. The 
total capacity, which is the sum of each data stream capacity, 
Cmimo ' miaximized by increasing the power to the high 

SNR streams, and reducing the power to the low SNR streams, such 
that the total transmit power remains the same. This procedure is 
typically referred to as "waterfilling." 

By including waterfilling weights for optimum power allocation 
per data stream, (8) becomes: 



which is the waterfilling criterion, which is discussed by R.G. Gallager 
in Information Theory and Reliable Communication, New York; John 
Wiley & Sons, 1958. Here, Kis a constant determined by iterations, 
and Wi are set accordingly. 

Because transmitters in prior art systems lack data regarding 
the conditions of the composite channel, the performance of these 
systems cannot approach the Shannon bound for the MIMO channel. 
Furthermore, the amount of data needed to describe a composite 
MIMO channel is large, which would consume a large percent^e of 
channel capacily when communicated to the transmitter. 

Thus, it should be apparent that a need exists for an improved 
method and system for using feedback to efficiently control data 




where waterfilling weights are computed from 
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transmission and reception in a multiple-input, multiple-output radio 
frequency channel. 



Brief Description of tlie Drawings 

The novel features believed characteristic of the invention 
are set forth in the appended claims. The invention itself, however, as 
well as a preferred mode of use, further objects, and advantages 
thereof, will best be understood by reference to the following detailed 
description of an illustrative embodiment when read in conjunction 
with the accompanying drawings, wherein: 

FIG. 1 is a high-level schematic diagram of a communications 
channel, wherein a portion of the communications channel is wireless; 

FIG. 2 is a high-level block diagram of a two-input, two-output 
MIMO channel; 

FIG. 3 is a block diagram of a multiple- stream, multiple- 
antenna transmitter that may be used to implement the method and 
system of the present invention; 

FIG. 4 is a more detailed block diagram of antenna array signal 
processor; 

FIG. 5 depicts a receiver for use in a multiple-stream, multiple- 
antenna transceiver system in accordance with the method and 
system of the present invention; 
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PIG. 6 is a high-level logic flowchart that illustrates a feedback 
method in a multiple-stream, multiple-antenna receiver in accordance 
with the method and system of the present invention; 

FIG. 7 is a high-level logic flow chart that illustrates a feedback 
method in a multiple-stream, multiple-antenna transmitter in 
accordance with the method and system of the present invention; 

FIG. 8 is a more detailed logical flow chart that illustrates the 
process for estimating a composite channel and selecting array weight 
sets in accordance with the method and system of the present 
invention; 

FIG. 9 shows simulation results comparing quantized MIMO 
feedback with im-quantized, ideal MIMO feedback, in accordance with 
the method and sjrstem of the present invention; and 

FIG. 10 shows simulation results for a MIMO transceiver 
system in accordance with the method and system of the present 
invention. 
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Detailed Description of the Invention 

With reference now to FIG. 3, there is depicted a multiple- 
stream, multiple-antenna transmitter that may be used to implement 
the method and system of the present invention. As illustrated, 
transmitter 20 receives user data 22 and transmits user data 22 
using antenna array 24, which comprises antenna elements 26. 

User data 22 enters data splitter 28, which separates the user 
data stream into a plurality of data streams, such as data stream 30 
and data stream 32. While two data streams are shown in FIG. 3, 
data splitter 28 may produce any number of data streams. Data 
splitter 28 splits data in proportion to control signal 34, which is 
produced by controller 36, For example, control signal 34 may specify 
a ratio of 2-to-l, wherein two bits are sent to data stream 30 and one 
bit is sent to data stream 32. This splitting ratio may specify an equal 
number of bits on both streams, or all data bits are sent to one 
stream. 

Data streams 30 and 32 output by data splitter 28 are input 
into error correction encoders 38 and 40. These error correction 
encoders may be implemented with a convolutional encoder, a turbo 
encoder, a block encoder, or the like. The type of encoding, and the 
rate of encoding is controlled by control signal 42, which is output by 
controller 36. Note that control signal 42 may set error correction 
encoders 38 and 40 to the same error encoding schemes, or different 
encoding schemes. 

Outputs of error correction encoders 38 and 40 are coupled to 
inputs of modulators 44 and 46. Modulators 44 and 46 may be 
implemented with linear or non-linear modulation schemes, including 
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all varieties of rnodiolators that modulate amplitude and phase, and 
combinations of amplitude and phase. Examples of modulators that 
may be used include Binary Phase Shift Keying modulators (BPSK), 
Quadrature Phase Shift Keying modulators (QPSK), M-ary phase shift 
keying modulators, M-ary quadrature amplitude modiolators (MQAM), 
and the like. 

Control signal 48 selects the type of modulation used in 
modulators 44 and 46. Control signal 48 is produced by controller 
36. According to the present invention, the modulation schemes in 
the data streams may be the same, or different. 

The output of modulators 44 and 46 are coupled to inputs of 
spreaders 48 and 50, respectively. Spreaders 48 and 50 spread the 
signal using spreading code 52, wherein the spreading code is 
assigned to user data 22. 

Outputs of spreaders 48 and 50 are coupled to inputs of power 
allocator 54. Power allocator 54 sets a power ratio between data 
streams 30 and 32 in response to control signal 56 from controller 
36. Power allocator 54 may allocate all power to one data stream, 
equal powers on data streams, or other ratios of unequal power 
allocations.. Power allocator 54 does not allocate power to data 
streams 30 and 32 relative to data streams belonging to other user 
data not shown in FIG. 3. This means that power allocator 54 does 
not allocate an absolute level of power to a user. The absolute power 
allocated to each data stream, and each user, is determined by 
available power in power amplifiers and other control fimctions not 
shown in FIG. 3. 

Outputs of power allocator 54 are coupled to inputs of antenna 
array signal processor 58, which further processes the data streams 



wo 02/082689 PCT/US02/10599 
12 

by apptying antenna array weight sets to each data stream. These 
antenna array weight sets come from controller 36 via control signal 
60. By applying the antenna array weight sets to data streams 30 
and 32, antenna array signal processor enables the transmission of 
each data stream with a different antenna array pattern. 

The outputs of antenna array signal processor 58 include 
weighted components of the input data streams. For example, output 
62 may include a phase-and-gain weighted portion of data stream 30 
added together with a phase-and-gain weighted portion of data stream 
32. The number of weighted outputs from antenna array signal 
processor 58 may be equal to or greater than the number of data 
streams. While the number of outputs of antenna array signal 
processor 58 may be greater than the number of data streams input, 
the number of data streams transmitted remains the same. 

With reference now to FIG. 4, there is depicted a high-level 
block diagram of antenna array signal processor 58. As shown, data 
streams 30 and 32 enter antenna array signal processor 58, wherein 
a copy of each data stream is sent to a gain multiplier corresponding 
to an antenna element that will be used in an antenna array. In the 
example shown in FIG. 4, two antennas will be used in the antenna 
array, therefore copies of each data stream are sent to two gain 
multipliers SO. 

Following each gain multiplier 80 is a phase shifter 82, which 
rotates the phase of the signal according to a control signal input. 
Outputs of phase shifters 82 are coupled to summers 84, which add 
the we^hted data streams to produce output signals 62 and 64. 

Control signal 60 {see FIG. 3) includes a plurality of antenna 
array weight sets, wherein one antenna array weight set is associated 
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with each data stream. For example, control signal 60 includes 
weight set signals 86 and 88. Weight set signal 86 includes gain and 
phase weights (i.e., complex weights) for each gain multiplier 80 and 
phase shifter 82 associated with data stream 30. Thus, the outputs 
of phase shifters 82 associated with data stream 30 produce antenna 
signals that provide a selected antenna pattern for data stream 30. 
Similarly, weight set signal 88 includes phase and gain weights for 
each gain multiplier 80 and phase shifter 82 associated with data 
stream 32. In the outputs of phase shifters 82 associated with data 
stream 32 produce antenna signals for driving an antenna array with 
a selected pattern for data stream 32. 

In order to produce desired antenna patterns for each data 
stream, gain multipliers 80 associated with a data stream may have 
different gain values and phase shifters 82 associated with a data 
stream may have different phase shift values, whereby producing 
antenna signals that work together to form a particular transmission 
pattern. 

In some embodiments of transmitter 20, output signals 62 and 
64 may be up-converted, amplified, and coupled to two antenna 
elements 26. However, in the embodiment shown in FIG. 3, 
multiplexer 66 is used to couple output signals 62 and 64 to selected 
antenna elements 26 in response to control signal 68 from controller 
36. This means that control signal 62 may be coupled to any one of 
antenna elements 26 in antenna array 24, while output signal 64 is 
coupled to one of the remaining antenna elements 26. 

Controller 36 outputs control signals 34, 42, 48, 56, 60, and 
68 based upon information received from feedback receiver 70, and 
data stored in memory 72. Feedback receiver 70 is shown coupled to 
antenna 74 for receiving feedback data from a remote receiver, such 
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as the receiver shown in KG. 5. While antenna 74 is shown separate 
from antenna array 24, one of the antenna elements 26 of array 24 
may be used to receive the feedback data. 

Feedback data from feedback receiver 70 may include a 
codebook index, which may be used by controller 36 to lookup 
transmission parameters in codebook 76 within memory 72. 

Controller 36 may also be used to calculate, or derive, 
additional control signals or transmission parameters based upon 
feedback data. Therefore, it should be understood that feedback data 
may include measurements upon which calculations may be based, or 
data that indicates parameters to be used in transmitter 20. 

With reference now to FIG. S, there is depicted a receiver for use 
in a multiple-stream, multiple-antenna transceiver system in 
accordance with the method and system of the present invention. As 
shown, receiver 98 includes antenna array 100 having elements 102 
that receive radio frequency signals 104 and 106. Received RF 
signals 104 and 106 are most likely different s^als because antenna 
elements 102 are spaced apart, and propagation paths taken by 
received RF signals 104 and 106 from antenna elements 26 of 
transmitter 20 are most likely different in a m\ilti-path fadir^ 
environment. 

In the multiple-stream, multiple-antenna transceiver system 
that is made up of transmitter 20 and receiver 98, multiple data 
streams are transmitted to increase the data throughput between 
transmitter 20 and receiver 98. Transmitter 20 is able to 
simultaneously transmit multiple data streams, and receiver 98 is 
able to keep the multiple streams separate by exploiting the 
differences in the channel characteristics between the multiple 
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antennas at transmitter 20 and receiver 98. Thus, user data 22 in 
transmitter 20 is received by receiver 98 and output as estimated user 
data 108. 

Received RF signals 104 and 106 are input into radio frequency 
receiver front end 110, wherein the radio frequency signals are down 
converted and digitized. The output of radio frequency receiver front 
end 110 is a stream of complex baseband digital samples that 
represent received RF signals 104 and 106. 

The outputs of radio frequency receiver front end 110 are input 
into receiver signal processor 112, which has the function of 
separating data streams 30 and 32 (See FIG.' 3) in receiver 98. In one 
embodiment of the present invention, receiver signal processor 112 
may be implemented by multiplying the input signals by the complex 
conjugate transpose of the U matrix, which is the left singular vectors 
of the singular value decomposition of the composite channel matrix 
H. Receiver signal processor 112 is controlled by control signal 115 
from controller 113. 

The data streams output by receiver signal processor 112 are 
input to despreaders 114 and 116, which despread the signals using 
spreading code 52, which is the same spreading code used in the 
transmitter. The outputs of despreader 114 and 116 are coupled, 
respectively, to the inputs of demodulator and decoders 118 and 120, 
Each demodulator and decoder 118 and 120 demodulates the signal 
and decodes the signal using demodulation and error correction 
decoding techniques that compliment those selected for each data 
stream in the transmitter. Thus, the type of demodulator and decoder 
fimctions used depends upon what was used in transmitter 20, as 
indicated by control signal 122 from controller 113. Demodulators 
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and decoders 118 and 120 may be the same function, or may be 
different functions. 

The outputs from demodulator and decoder 118 and 120 are 
input into combiner 124, which combines the miiltiple streams 
received back into a single stream for output as estimated user data 
108. Combiner 124 operates xinder the control of controller 113, as 

directed by control signal 126. Because the received data streams 
may have different data rates, and because one data stream may have 
a data rate equal to zero, combiner 124 must reconstruct the user 
data in accordance with the way data was originally split by data 
splitter 28 in transmitter 20 in PIG. 3. 

In order to control the transmission of multiple data streams via 
multiple antennas at the transmitter, receiver 98 must measure the 
composite channel and send feedback data to the transmitter. As 
shown, outputs of radio frequency front end 110 are also coupled to 
composite channel estimator 128, which uses pilot signals 
transmitted from each antenna element 26 in transmitter 20 to 
measiire the composite channel between the multiple input antennas 
and multiple output antennas. The function of composite channel 
estimator 128, and many of the other functional blocks in the data 
feedback portion of receiver 98, are described in more completely in 
reference to FIG. 8, below. 

The output of composite channel estimator 128, which is 
represented by the H matrix, is input into V matrix computer and 
selector 130. The "computing function" of block 130 computes V, 
which is a matrix describing desired antenna array weight sets to be 
used for each data stream in transmitter 20. The desired antenna 
array weight sets are computed based upon the composite channel 
measurement. 
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The "selector function" of block 130 is a quantizing function 
that selects antenna array weight sets that most closely match the 
desire antenna array weight sets. By performing quantization, the 
amount of feedback data reqmred to instruct transmitter 20 how to 
transmit over the MIMO channel may be reduced. 

The selected antenna array weight sets output by computer and 
selector 130 are input into SNR computer and power allocator 132, 
wherein a signal to noise ratio is computed for each data stream 
hypothetically transmitted using the selected antenna array weight 
sets. Based upon the SNR computations, the power allocation 
function of block 132 allocates power to each data stream, wherein 
the power is allocated to maximize the data throughput based upon a 
waterfiHing algorithm. Once power has been allocated to each data 
stream, final SNR calculations may be performed using the selected 
power allocation. 

Modulator and coder 134 receives information from SNR 
computer and power allocator 132 that it uses to select an encoding 
scheme and a modulation scheme to be used in transmitter 20. 
Generally, higher order modulators are selected for data streams 
having high signal-to-noise ratios. 

Feedback transmitter 136 receives information from the V 
matrix computer and selector 130, SNR computer and power allocator 
132, and modulator and coder selector 134. This data represents 
calculations and selections made in receiver 98 that will be used to 
control the transmission modes of transmitter 20. In a preferred 
embodiment, feedback transmitter 136 analyzes the data and selects 
a codebook value associated transmitter parameters that most closely 
match the transmitter parameters represented by the input data. 
Therefore, feedback transmitter 136 may include codebook 138 for 
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producing a codebook value that is transmitted to transmitter 20 via 
antenna 140. Although antenna 140 is shown separate from receive 
antenna array 100, antenna 140 may be one of the antenna elements 
102 in receive antenna array 100. Data transmitted by feedback 
transmitter 136 is received in transmitter 20 by feedback receiver 70. 

With reference now to FIG. 6, there is depicted a high-level logic 
flowchart that illustrates a feedback method in a multiple-stream, 
multiple-antenna receiver in accordance with the method and system 
of the present invention. As illustrated, the process begins at block 
300, and thereafter passes to block 302 wherein the composite 
channel between the multiple -antenna transmitter and the multiple- 
antenna receiver is measured. This measurement results in the 
formation of the H matrix that is made up of complex channel values, 
representing gains and phases, as discussed above in reference to 
FIG. 2. The composite channel measurement is made by analyzing 
received antenna signals r (See PIG. 1) that include received pilot 
signals transmitted by each antenna at the transmitter. 

Next, the process selects an antenna array weight set associated 
with each data stream in response to the composite channel 
measurement, as depicted at block 304. Note that each 
simultaneously transmitted data stream has an associated set of 
weights that are used for each array antenna at the transmitter. Each 
antenna array weight set is used to produce an antenna pattern for 
the associated data stream. 

In a preferred embodiment, selected antenna array weight sets 
are determined by calculating the right singular vectors of the SVD of 
composite channel matrb: H. This process is more completely 
described with reference to FIG. 8. To reduce the amount of data 
needed to represent the antenna array we^t sets, the desired weight 
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sets are compared to weight sets in a codebook, and one or more 
codebook weight sets having the closest distance are selected. The 
codebook indicator may represent a single antenna array weight set, 
or a combination of antenna array weight sets. 

Note that if predefined combinations of antenna array weight 
sets are used, a first amount of information may be transmitted to 

describe a first antenna array weight set, and a second amount of 
information may be transmitted to describe a second antenna array 
weight set, wherein the second amount of information may be less 
than the first amount of information. Similarly, if a second antenna 
array weight set is restricted, or constrained, to a have a predefined 
relationship to a first antenna array weight set, the amount of 
information needed to describe the second set is less than that needed 
to describe the first- 

Once selected, the antenna array weight sets are transmitted to 
the transmitter, and the transmitter uses the weights to produce 
selected antenna patterns for each data stream, as illustrated at block 
306. Because of the volume of data that may be needed to represent 
a complex weight for each antenna, for each data stream, it may be 
advantageous to use techniques that reduce the number of data bits 
transmitted from the receiver to the transmitter. As mentioned above, 
a codebook may be used to store several, predefined antenna array 
weight sets. The number of anterma array weight sets available will 
determine the resolution of the quantizing process that takes an ideal 
set of weight sets and maps it to one of the available antenna array 
weight sets. Note that quantizing errors may become excessive if the 
number of available antenna array weight sets is too small. 

As mentioned above, another way to reduce the amount of 
feedback data is to constrain the transmitter to transmitting antenna 
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patterns that have selected relationships with one another. For 
example, in a preferred embodiment, the antenna patterns at the 
transmitter may be constrained to be orthogonal to one another. 
Thus, by specifying a first antenna pattern, any remaining patterns at 
the base may be calculated, at least partially, according to the 
constraint relationships. Therefore, in a transmitter that transmits 
two data streams, if a first antenna pattern is specified, the antenna 
pattern for the second data stream may be derived, or calculated, so 
that the second pattern is constrained to be orthogonal to (or have low 
correlation with) the first. 



Details on V Quantization 

The simplest method of quantizing a matrix is to quantize each 
element of the matrix individually. Unfortunately, this method is 
inefficient and will require the greatest number of feedback bits for a 
desired performance. V may be quantized with two basic approaches: 
"block" and "incremental" quantization. In the first approach, all 
columns of V are quantized at once. In the second approach, columns 
of V are quantized incrementally. 

Block V Quantization 

Because the V matrix is orthonormal, it has some structiire that 
can be exploited to reduce the amount of feedback. For the 2-antenna 
transmitter and 2-antenna receiver case, the V matrix can be written 
as 
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where 



a = cos"'{v„). 

The entire V matrix can be represented by two real parameters. 
Using this representation, there is a sign ambiguity in the second 
column vector that must be handled at the receiver. Fortunately, the 
transmission remains orthogonal and an MMSE receiver handles the 



sign amb^ity automatically. The parameters a e 0,— and 9 e [0,2;7r] 



are uniformly quantized to a desired level. Figure 5 shows that 
quantizing V with 5 bits (3 for e, 2 for a) and using an MMSE receiver 
is within 0.4 dB of the unquantized case. 

In general, a codebook of V matrices can be created and 
indexed. A technique such as vector quantization can be used to 
generate the codebook and also to create an efficient mapping between 
V and the codebook. Parametric quantization as used in the 2x2 case 
can also be extended to larger V matrices. 

Incremental V Quantization 

In this approach, the columns of V are repeatedly drawn from a 
codebook of antenna array weights. (For example, one may use the 
TX AA codebooks from the 3GPP standard, release 99, or extensions of 
these codebooks.) The correlation properties of the columns of V are 
mirrored by selecting successive antenna array weight sets from 
increasingly smaller subsets of the codebook. As will be shown below, 
this constrained search reduces the amount of feedback data. 
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The column of V corresponding to the highest quality stream is 
selected first. This column is selected as the antenna array weight set 
that produces the maximum power at the receiver. The entire 
codebook is searched for this weight set. 

Next, a second column of V is selected. A subset of the antenna 
array codebook may be found by searching for a codebook entries that 
have a correlation below a desired correlation threshold. The 
correlation threshold may be set to zero to select an orthogonal 
subset. Then, the antenna array weight set that produces maximum 
power at the receiver is selected from the low correlation subset of the 
codebook. 

If there are three data streams, the third column of V is 
selected from a subset of the subset of codebook entries that was 
searched for the second column of V. The subset contains antenna 
array weight sets with low correlation against the subset searched for 
the second column. This process continues for ail streams. 

Since successive colimins of V are searched from successively 
smaller subsets of the antenna array codebook, successive columns of 

V can be represented with fewer feedback bits. In a 4-element 
antenna array codebook with 64 entries, the antenna array weight set 
for the first column of V can be represented with log2(64) = 6 bits. By 
selecting an appropriate correlation threshold, the second column of 
V's weight set can be represented with 4 bits, a third column with 2 
bits, and the fourth column with 0 bits (only 1 antenna array weight 
set is possible, given the correlation threshold constraint and the 
choice of the other 3 antenna array weight sets.) Therefore, the entire 

V matrix can be quantized with 12 bits. 
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The size of codebook subsets may not be integer powers of two 
(since their size is determined by the correlation threshold), which 
means that the successively computed weight sets are not efficiently 
quantized using an integer number of bits to separately represent 
each weight set. In this case, alternate embodiments may jointly code 
the weight sets using vector quantization, or use variable length code 
words to reduce the number of bits required to represent the entire V 
matrix. Note that these alternate embodiments still draw the antenna 
array weight sets from subsets of a single codebook of antenna array 
weight sets, with the difference being the source coding used to reduce 
the number of bits required to represent the V matrix. 

In addition to feeding back selected antenna array weight sets, 
the receiver may also feedback data that allows the transmitter to 
select a forward error correction coding scheme, a modulation scheme, 
a power allocation for each data stream, and a selection of antennas 
in the transmit antenna array. 

As shown in block 308, the process may select a data rate for 
each data stream in response to the composite channel measurement, 
the selected antenna array weight set, and SNR for each data stream. 
In a preferred embodiment, the SNR for each data stream is used to 
lookup a combination of encoding and modulation techniques 
according to calculated performance curves, and assuming equal 
power is available for both data stream. This lookup will provide an 
aggregated data throughput. This throughput value is compared to a 
second lookup assuming that all the power is used in the data stream 
having the highest signal to noise ratio. The second lookup gives a 
second data throughput, and the encoding and modulation scheme at 
the particular power setting is selected based upon the maximum 
throughput. 
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In a preferred embodiment, the codebook shown in table 1 
below may be used in a system that sends four bits of feedback from 
the receiver to the transmitter in order to specify modulation and error 
encoding schemes for each data stream, and power allocation for each 
data stream. Note that antenna array weight sets are not included in 
the codebook of table 1. 



Configuration # 


Modulator #1 


Code #1 


Modulator #2 


Code #2 Power 1 


Power 2 


1 


QPSK 


R=l/2 




R=i/2 ] 


0 


2 


QSPK 


R=l/2 


QPSK 


R=l/2 ; 0.5 


0.5 


3 


16 QAM 


R=l/2 




R=l/2 


I 


0 


4 


16 QAM 


R=l/2 


QPSK 


R=l/2 


0.5 


0.5 


5 


16 QAM 


R-1/2 


16 QAM 


R=l/2 


0.5 


0.5 


6 


64 QAM 


R=I/2 




R=l/2 


1 


0 


7 


64 QAM 


R=l/2 


QPSK 


R=l/2 


0.5 


0.5 


8 


64 QAM 


R=l/2 


16 QAM 


R=l/2 


0.5 


0.5 


9 


64 QAM 


R=l/2 


64 QAM 


R=l/2 


0.5 


0.5 


10 


256 QAM 


R=I/2 




R-1/2 




0 


11 


256 QAM 


R=I/2 


QPSK 


R=l/2 


0.5 


0.5 


12 


256 QAM 


R=l/2 


16 QAM 


R-1/2 


0.5 


0.5 


13 


256 QAM 


R=l/2 


64 QAM 


R=l/2 


0.5 


0.5 


14 


256 QAM 


R=l/2 


256 QAM 


R=l/2 


0.5 


0.5 



Table 1 



After the data rate is selected, the process transmits the 
selected data rate to the transmitter so the transmitter can select data 
encoding and modulation schemes for each data stream, as illustrated 
at block 310. In a preferred embodiment of the invention, the receiver 
computes data rates, encoding schemes, modulation schemes, and 
power levels for each data stream, and transmits data that indicates 
these selections to the transmitter. In an alternative embodiment, the 
receiver may transmit measurements, or data based upon 
measurements, to the transmitter so that the transmitter may select a 
data rate, an encoding scheme, a modulation scheme, and a power 
allocation for each data stream. 
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Once the feedback data is transmitted from the receiver to the 
transmitter, the process ends, as depicted at block 312. Although an 
end to the receiver feedback process is shown at block 312, the 
process may iteratively continue in the receiver, beginning again at 
block 302 with new composite channel measurements. 

With reference now to FIG. 7, there is depicted a high-level logic 
flow chart that illustrates a feedback method in a multiple- stream, 
multiple-antenna transmitter in accordance with the method and 
system of the present invention. As illustrated, the process begins at 
block 400, and thereafter passes to block 402 wherein the process 
transmits a pilot signal on each anterma of the antenna array. Each 
pilot signal is distinguishable from the others. For example, different 
spreading codes may be used, or the same spreading code may be 
shifted in time relative to the other array antennas. These pilot 
s^nals provide a reference signal for the composite channel 
measurement. 

Next, the process receives indications of a selected array weight 
set, with one set per data stream, as illustrated at block 404. The 
indications of selected array weight sets may be data that describe a 
set of gains and phases for antenna signals for each antenna, with a 
set for each data stream in the transmitter. In a preferred 
embodiment, the selected array weight sets used for each data stream 
may be specified through the use of a codebook value received from 
the receiver, wherein the codebook value is used to lookup preselected 
sets of array weights. 

Similarly, the process receives data that indicates data rates for 
each data stream, as depicted at block 406. By indicating the data 
rate for each stream, the feedback data may also be indicating an 
encoding scheme, and a modulation scheme. The relationship 
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between data rates and encoding and modulation schemes exists 
because different encoding and modulation schemes have different 
capacities. Therefore, the selection of a data rate may force the 
selection of particular encoding and modulation schemes. 

Next, the process receives an indication of power allocation for 
each data stream, as illustrated at block 408. Note that a codebook 
value may be used as the "indicator" that indicates data rates and 
power allocation for each data stream. As discussed above, a single 
codebook value may be used to specify an encoding scheme, a 
modulation scheme, and a power allocation. In some embodiments, 
specifying a data rate alone may specify the encoder, modulator, and 
power allocation. For example, if the data rate selected was zero, no 
power is allocated and the encoding and modulation schemes are 
irrelevant. 

After receiving the feedback data, the process selects power 
settings, and encoding and modulation schemes for each data stream, 
as depicted at block 410. In this step, these parameters may be 
selected according to a codebook value received. In alternative 

embodiments, some of these parameters may be calculated or derived 
from the feedback data received. For example, if the antenna pattern 
of the first data stream is indicated, the process in the transmitter 
may derive or calculate an antenna pattern used for the second data 
stream. This may be done when, for example, the second stream is 
constrained to be orthogonal to the first stream. 

Once transmit parameters are selected as shown in block 410, 
the process separates input data into data streams according to 
selected data rates supported by encoding and modulation schemes 
selected for each data stream, as depicted at block 412. This process 
is implemented in data splitting function 28 shown in FIG. 3. As an 
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example, if data stream 1 operates at twice the rate of data stream 2, 
then two symbols are sent to data stream 1 and a single symbol is 
sent to data stream 2. Similarly, if one data stream has zero power 
allocated, all the data symbols are sent to the remaining data streams 
having some power allocated. 

Next, the process encodes each data stream, as illustrated at 
block 414. The process of encoding may be implemented with a block 
coder, a convolutionaJ coder, a turbo coder, and the like. 

After encoding, each data stream is modulated, as depicted at 
block 416. This modulation may be implemented using a BPSK 
modulator, a QPSK modulator, a M-PSK modulator, a M-QUAM 
modulator (where M is the number, of constellation points), and the 
like. 

Following the modulating step, the process modifies the giain 
and phase of each modulated data stream according to respective 
selected array weight sets to produce data stream antenna signals for 
each array antenna, as illustrated at block 418. Examples of data 
stream antenna signals are the outputs of phase shifters 82 in Fig. 4. 
The number of data stream antenna signals produced in this step 
equals the number of data streams times the number of antenna 
elements in the antenna array. 

After producing data stream antenna signals for each array 
antenna, the data stream antenna signals associated vdth the same 
array antenna are summed to produce antenna signals, as depicted at 
block 420. Examples of antenna signals are the outputs of summers 
84 in Fig. 4. These antenna signals are combinations of signals from 
each data stream that have been weighted in gain and phase 
accordir^ to the selected array weight sets. This complex combination 
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of signals is more concisely described according to the V matrix used 
in the trarismitter, which is discussed above in relation to FIG. 1. 

Finally, the antenna signals for each antenna are transmitted, 
as illustrated at block 420. The transmission step includes further 
processing, upconversion, and amplification needed for radio 
frequency transmission. 

The feedback method ends, as depicted at block 424. Although 
the process is shown with an end, the process may iteratively repeat 
in the transmitter in order to update each antenna pattern for each 
data stream in response to varying channel conditions. 

Turning now to FIG. 8, there is depicted a more detailed logical 
flow chart that illustrates the process for estimating a composite 
channel and selecting array weight sets, which is shown at a higher 
level in FIG. 6. As illustrated, the process begins at block SOO, and 
thereafter passes to block 502 wherein the process estimates channel 
matrix H using received pilot signals, wherein a pilot signal is 
transmitted from each transmitter antenna. Pilots may or may not be 
orthogonal, but they are selected so that they are distinguishable at 
the receiver. 

Next, the process computes a singular valve decomposition of 
matrix H to find matrix V, wherein H = USV'', as depicted at block 
504. Transmitting with this V matrix allows operation of the MIMO 
channel at near Shannon capacity for MIMO. 

Thereafter, the process selects an index for a quantized V 
matrix, as Olustrated at block 506. The quantizing may be preformed 
by a codebook lookup, or other methods, discussed above. Note that 
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the quantized V matrix represents selected antenna array weight sets. 
Antenna array weight sets may be quantized as a group, or separately. 

After quantizing, the process estimates a signal-to-noise ratio 
(SNR) of each data stream based on the transmitter using the 
quantized V matrix, and assuming equal power streams, as depicted 
at block 508. 

Next, the process uses the estimated SNR to determine power 
allocation of each data stream using a waterfiHing algorithm, as 
illustrated at block 510. An alternative to waterfilling is a brute-force 
search of all quantized possibilities. In a preferred embodiment, this 
parameter can be quantized to a low number of bits. For example, a 
reasonable choice for power allocation may be one-bit indicator for 
both streams "on", or only one stream "on" and the other "off. 

Based on the power allocation for each stream, and the 
estimated SNR for each stream, the process next selects the coding 
method and modulation method, as depicted at block 512. This may 
be implemented with a lookup that maps every SNR range to a 
modulator-encoder combination. In general, the coding and 
modulating is adapted for each data stream according to the channel 
quality. For example, if high channel quality is indicated by a high 
SNR, the modulator may be set to 1.6-QAM; otherwise, QPSK 
modulation may be selected. 

Finally, the process transmits, to the transmitter, indicators for 
a quantized V matrix, a power allocation for each stream, and coding 
and modulation methods, as illustrated at block 514. In a preferred 
embodiment, the process uses a codebook to indicate quantized 
antenna array weight sets, and other modulation parameters. 
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As depicted, the process ends at block 516. 
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Referring again to FIG. 3, the number of antennas used by 
transmitter 20 is equal to the n-umber of outputs from antenna array 
signal processor 58. As shown in PIG. 3, antenna array signal 
processor 58 has two outputs, output signals 62 and 64. 

As mentioned earlier, output signals 62 and 64 may be 
transmitted from two antennas, or multiplexer 66 may be used to 
select two antennas to form an antenna array from a larger number of 
"available antennas", such as the four antenna elements 26 shown in 
antenna array 24. Thus, in some embodiments of the present 
invention, there exists a set of available antenna elements, from which 
a subset of the "available antenna elements," from which a subset of 
the available antenna elements may be selected to form "an antenna 
array", wherein the antenna array comprises antenna elements 
actually used to transmit the multiple data streams. 

While the embodiment in FIG. 3 shows multiplexer 66 for 
selecting antennas, alternative embodiments may use the V matrix to 
select antennas mathematically by multiplying signals by zero, or non- 
zero values according to the matrix elements. 

In order to select the antenna elements from the set of available 
antenna elements, receiver 98 measures a composite channel that 
includes all channels between all pair-wise selections of all available 
antenna elements and all antenna elements at the receiver. Thus, in 
PIGS. 3 and 5, between transmitter 20 with 4 available antennas and 
receiver 98 with 2 receive antennas, the composite channel 
measurement forms a composite channel matrix H that is four rows 
by two columns. 



wo 02/082689 



PCT/US02/10599 



31 



At the transmitter, there are 6 ways to choose 2 antennas from 
a set of 4 available antennas. The antenna array is formed with the 
pair that yields the highest capacity composite channel. The selection 
process may be described by the following expression: 



where {without using waterfilling) half power is allocated to each data 
stream, ff' is the noise variance, I is the 2x2 identity matrix, and 



To select one of the six pairs, three feedback bits are required. 
In order to reduce the feedback data even more, two bits can be used 
to select one of four pairs. 

The receiver next considers all two-by-two combinations of 
transmit and receive antennas, wherein there are six possible 
combinations of two transmit antennas and two receive antennas. For 
each of the six combinations, an aggregate data rate is computed, 
wherein the aggregate data rate is the total data rate provided by 
adding the data rate of data stream 1 and the data rate of data stream 
2. By ranking the a^regate data rates, the antenna combination that 
supports the highest data rate may be selected. 

In an alternative emboditnent of transmitter 20, antenna array 
signal processor 58 may use a V matrix that produces four outputs to 
drive four antennas in an antenna array. However, the amount of 
feedback data necessary to support selection of antenna array weight 




(10) 
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sets for a four-output V matrix begins to consume an unacceptable 
percentage of capacity of the link used for feedback data. Therefore, a 
two-output V matrix is used to drive two antennas that are selected 
from an available set of four antennas. The two antennas that are 
selected support the highest aggregate data rate between transmitter 
20 and receiver 98. In the transmitter that selects antenna elements 
from a larger set of available antenna elements a trade-off has been 
made between reducing uplink feedback data and reducing downlink 
performance. 

It should be appreciated from the discussion above that the 
present invention makes it possible to increase a data rate between a 
transmitter and receiver using a multiple-input multiple-output radio 
frequency channel. The feedback method disclosed is a practical 
solution to controlling a MIMO transceiver. 

Advantages of using the MIMO radio frequency channel include 
the ability to double an effective data throughput without using 
additional communication resources, such as spreading codes, power, 
and bandwidth, and without employing higher order modulators. In 
other words, using the same communication resources, with the same 
modulator, the throughput can be doubled by effectively controlling 
the MIMO radio frequency channel. This effective control of the 
channel involves transmitting multiple data streams in a way that 
they can be separated from one another at the receiver. This MIMO 
channel control exploits specific knowledge of the channel gained by 
measuring a composite channel between the transmitter and receiver. 
Purthermore, proper control of the MIMO channel enables the use of 
linear receivers, rather than the more complex or expensive non-linear 
receiver. By transmitting the signal vector x along the channel 
eigenmodes (i.e., transmitting z=Vx rather than x), we can completely 
separate the two streams vTithout using non-linear detectors. Thus, 
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with the proper control of the MIMO channel, the non-linear receiver 
has no substantial advantage over the linear receiver. 

Fig. 9 shows simulation results comparing quantized MIMO 
feedback with un-quantized, ideal MIMO feedback. There is little 
degradation due to quantizing. 

Pig. 10 shows simulation results for a MIMO transceiver system 
described above. The codebook used for this simulation is found in 

Table 1. The V matrix is selected with 5 feedback bits, and the 
encoding, modulation, and power allocation are selected with 4 
feedback bits. The simulation results show that a MIMO system with 
9 bits of feedback performs about 4 dB from the theoretical MIMO 
Shannon bound. Note that if some combinations of modulator, coder, 
and power allocation occur infrequently, they can be removed with a 
small loss in performance, which further reduces the feedback bits 
needed. 

The foregoing description of a preferred embodiment of the 
invention has been presented for the purpose of illustration and 
description. It is not intended to be exhaustive or to limit the 
invention to the precise form disclosed. Obvious modifications or 
variations are possible in light of the above teachings. The 
embodiment was chosen and described to provide the best illustration 
of the principles of the invention and its practical application, and to 
enable one of ordinary skill in the art to utilize the invention in 
various embodiments and with various modifications as are suited to 
the particular use contemplated. All such modifications and 
variations are within the scope of the invention as determined by the 
appended claims when interpreted in accordance with the breadth to 
which they are fairly, legally, and equitably entitled. 



wo 02/082689 



PCT/US02/10599 



34 

Claims 

What is claimed is: 

1. A feedback method in a multiple-stream, multiple- 
antenna receiver, the method comprising the steps of: 

measuring a composite channel between a multiple-antenna 
transmitter and a multiple-anterma receiver to produce a 
composite channel measurement; 

selecting a plurality of antenna array weight sets for use in the 
mviltiple-antenna transmitter in response to the composite 
channel measurement, wherein each antenna array weight set 
is associated with one of multiple data streams; and 

transmitting information describing the plurality of antenna array 
weight sets for use in the multiple-antenna transmitter. 

2. The feedback method of claim 1, wherein the step of selecting 
a plurality of antenna array weight sets further includes selecting a 
plurality of antenna array weight sets having a cross correlation less 
than the inverse of a nimiber of antenna elements in the anterma 
array of the multiple-antenna transmitter. 

3. The feedback method of claim 1 further including the 
steps of: 

selecting a data rate for each data stream in response to the 
composite channel measurement; and 

transmitting information describing the data rate selection for use 
in the multiple-antenna transmitter. 
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4. The feedback method of claim 1 further including the 
steps of transmitting information used to describe a quality of each 
data stream for use in the multi-antenna transmitter. 

5. The feedback method of claim 1 wherein the step of 
selecting the plurality of antenna array weight sets further includes 
the steps of: 

selecting a first antenna array weight set from a codebook having a 
plurality of preselected antenna array weight sets; and 

selecting a second antenna array weight set from a subset of the 
codebook. 

6. The feedback method of claim 1 further including the 
steps of: 

measuring a composite channel between a multiple-antenna 
transmitter and a multiple-antenna receiver to produce a 
composite channel measurement, wherein pilot signals are 
received from M number of available antennas at the multiple- 
antenna transmitter; 

selecting N antennas to be used at the transmitter, from M number 
of available antennas, in response to the composite channel 
measurement, wherein the N selected antennas will be used to 
form the antenna array at the multiple-antenna transmitter. 

7. A feedback method in a multiple-stream, multiple- 
antenna transmitter, the method comprising the steps of: 

splitting user data to produce multiple data streams; 



transmitting a pilot signal from each antenna of an antenna array; 
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receiving indications of a selected antenna array weight set for each 
of the multiple data streams, wherein each antenna array 
weight set includes weights associated with each antenna of the 
antenna array; 

using the selected antenna array weight sets, weighting each data 
stream to produce antenna signals for each antenna in the 

antenna array; and 

transmitting the antenna signals, wherein the multiple data 
streams are transmitted. 

8. The feedback method of claim 7 further including the 

steps of: 

encoding and modulating each of multiple data stream to produce 
modulated data streams; and 

using the selected antenna array weight sets, weighting each 
modulated data stream to produce antenna signals for each 
antenna in the antenna array. 

9. The feedback method of claim 7 further including the 
steps of: 

receiving indications of a selected data rate for each data stream; 

splitting data in proportion to the selected data rates for each data 
stream; and 

transmitting multiple data streams using the selected data rates 
for each data stream. 



10. The feedback method of claim 9 further including the 
steps of: 
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selecting encoding and modulation schemes for each data stream 
in response to the selected data rate; and 

transmitting multiple data streams using the selected encoding 
and modulation schemes for each data stream. 
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I (54) Title: METHOD AND APPARATUS FOR CANCELING PILOf INTERFBRBNCE IN A WIRELESS COMMtlNlCAriON 



(57) Abstract: [cchniqucs for canceling pilot inlerfoTcnce in a wireless 
(e.g., CDMA) communicHiion system. In one meibod, a rceeivcii signal 
comprised of a number of signal instances, each including a pilot, is 
initially p>roce3sed to prcnide data samples. Each signal instance's pilot 
interrerence may be estimated by despreadirtg the data sampleM with a 
spreading sequence for the sifinal instance, cliajmelizijie the despread 
di.la U) prtnidc pi sy:Til)i) s. lilterijig the pilot symbols to estimate tlie 
ctiir;ricl Uhpoiisc ul ihe siiMial instance, and riiuUiplying llie eslinialed 
channel response wilh the spreading sequence U) provide ihe eslimaled 
pliit inlcrfcTicncc. The pifoL interrcrcncc cslimaLOfi due Lo all interrering 
niuliipalhs are eoiiibinod lo derive the KUhI pilot inlerfcrcncc, which is 
subtracted from the data samples to provide pilot-canceled data samples. 
T'hese samples are then processed to derive demodulated data for each of 
at least one (desired) signal instance in the received signal. 
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(54) Title: ORTHOGONAL FREQUENCY-DIVISION MULTIPLEX TRANSMISSION METHOD 

1 (54) %^a>^m esjia!Elfe^j'Sij#Ste3£:5a 




(57) Abstract: A spreading modulator (1) 
spreads tlie spectrum of a signal series, 
A subtarricT inodulalor (2) modulates the 
frequencies of a pluraliiy or subcarriers 
having frequencies different from one 
another by using the otilpiil of the spreading 
inodulaior (1), An adder {3) combines the 
subcarriers modulated, A guard section 
oonlrol unit (23) detennities the length 
of a guard section in accordance with the 
maximum transmission delay diflerence of 
a line between a transniission device and a 
reception device. A guard section inserter 
(21) is controlled by the guard section control 
unit (23) to insert the guard section into tlie 
signal series for ever\' symbol period. A 
gain adjuslor (22) multiplies 
signal by a gain coefncient correspondin; 
the guard section inserted. 
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>^mmit. m^m^m^m^m • n^^'^ (ofdm-cdm) i^m:f7^. 

10 

OFDM: Orthogonal Frequency Division Multiplex) ^ itiX 

20 fl^. OYXiVmWl^\^^X\X. m^A-t. "Overview of Multicarrier CDMA" 
(Hara et al., IEEE Communication Magazine, Dec. 1997, ppl26-133), fe^V^ 
ft. "WIDEBAND WIRELESS DIGITAL COMMUNICATIONS", A.F.Molisch 
Prentice HaU PTR, 2001, ISBN:0-13-022333-6)ME^$ tLTV^S, 
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10 tii;^-ts. ^j;*5. KM^ci fi. rci(i)j - rciCnOj :i^btifi)c^?tiTiB'5. 
K^jc^^f^^ijco^"*?? 1 -D<Dmmxh?> i>(Dt-r^. 

^^Mi-S. m:\ col, 0)2, co3,... a)m(7?^JS«R3PiAft)fi. v'VtJ? 
15 Aa) = 27rAf = 2 7t/T 

^fc. Mii«isi§2n. iiLm^m^i*^hm:h^n^^mm^^m\^^x 
m^. rci(i)j ^mn^nt-yy^^j^mm^ivMm^^. pim^^moym 

rci(m)j ■Am%^nfL'yy^-}H^m.\^i:^^m^^^. 

tl^fi^^mt^i^Ml^X. i^i6@^6^]^^^46P.t^TV^5^~- K^Fsl (Guard 
Interval) ^mA'^?>o ^^X\ ^<D1f- h'mnV±. *S^^KiiS&<^-^/l^f'^-^^t- 

X.^mm^k^^^^-t^tc^l^WA^fi^o 0 2 Til. giJMm:^'it^;(i'- 
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r>7^-:M U:iJ;'5Sif ^Hfdt-^f^. SftHI 1 2 1;: J: Kjf ^ 
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(±. r+ij ^fcfi r-ij <D\m:M'fh^yi/if^M^m^hmi^^^X\^^. @P 

m-^^^ijsifi. v-^^^^/wMT-e r+ij %fz.\-t r-ij * 

25 (Ci(l), Ci(2),... Cidn)) j: ^J teMil$nTV^6„ Ei 2 t::jyv^-c. 
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10 

^^m\%. ^^m^w^m^w. • ^^WM (OFDM-CDM) ^mis^^ 

(om\tm:m^^^^^x^-^^M. 
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